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PREFACE TO THE CANADIAN EDITION.

The present edition of Hambliu Smith's Arithmetic

IS not simply a reprint of the EngUsh work. Several

articles have been introduced, which, it is hoped, will

render the book raor-^, useful. Some of these will be

found on pp. 33-40, 4.5, 48, 64, 92-95, 115. From
Simple Interest to Proportion the work has almost

altogether been re-written. Important subjects, such

as Discount, Stocks and Shares, Exchange, &c., have

been treated at much greater length than in our ordinary

text-books. Some articles of a practical business

nature, not usually found in school arithmetics, such as

Equation of Accounts, p. 188 ; Partnership Settle-

ments, p. 224 ; have been introduced. Eor these we

ate indebted to Mr. S. G. Beatty, late I'rmcipal of

Ontario Commercial CoUege. Special care has been

taken to adapt the work to the wants of the business

commimity. Examination Papers of a somewhat diffi-

cult character have been added to each chapter. These

are designed to stimulate the student to think for him-

self, and to assist him in preparing for the different

official examinations. In order to render the work ae

complete as possible, an Appendix has been added, in

which the subjects of Interest, Di.;count, and Annuities

have been treated algebraically.

We have to thank Dr. McLellan for hints and

advice during the progress of the work.

Toronto, August, 1877.
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ARITHMETIC.

I. On the Method of Representing Numbers

by Figures.

1. AjRiTHiiETic is the science wliich teaches the use oi

numbers.

2. The number one, or unity, is taken as the founda-

tion of all numbers, and all other numbers are derived

from it by the process of addition.

Thus

:

Two is the number that results from adding owe to one

;

Three is the number that results from adding one to two ;

Four is the number that results fi-om adding oiis to three;

and so on.

3. By means of the symbols or figures

12345678 9,

called the nine significant digits, together with the

symbol or figure 0, caUed zeko, we can represent num-
bers of any magnitude.

4. Fh'st, each of the significant digits, standing by
itself, represents a number greater h>j one than the

number represented by the digit that immediately pre-

cedes it in the hst uf digits.

Thus 7 represents a number greater by one, than the

number represented by 6.



2 BEPRBSENTATION OF

5. The symbol +, read Plus, is used to denote ths
operation of Addition.

The 8)nQibol = stands for the words "is equal to," or
"the result is."

Since

2=1 + 1, where unity is written twice,

3^=2-f-l=l 4-1 -|-1, where unity is written three times.

4=3 + 1:=1 + 1 -|- 1 -j- 1, where unity is written four times,

and so on.

6. Numbers between nine and a hundred are repre-

sented by two figures, the one on the left-hand signifying

how many groups of ten units are contained in the num-
ber represented, and the one on the right-hand signify-

ing how many single units are contained in the number,
in adcUtion to the groups of ten units.

Thus, in the expression 69,

the figure 6 represents six groups of ten units,

the figure 9 represents nine single units.

These groups of ten units ai-e for brevity called Teng,

and the single units are for brevity called Units.

Numbers between ninety-nine and a thousand are

represented by three figmes.

In the expression 745,

the figure 7 represents seven groups of a hundred units,

the figm'e 4 reiiresents four groups of ten units,

the figure 6 represents fis^e single units.

In the expression 8475,

the figure 3 represents three groups of a thousand units.

In the expressiuL 23475,

the figure 2 represents two groups of ten thousand unitg.

In the expression 123475,

the figure 1 represents one group of a hundred thousand

units.

In the expression 9123475,

the figure 9 represents nine groups of o million units;

and BO on.



NUMBERS BY FIGURES. 3

7- To put the matter briefly : when we express a

number iii figures, auJ tell oS the Qgnres/rom riyht to

k/'t,

the first fif^ure represents a number of imits,

the seeond fij^ure represents a number of tens,

the third figure represents a number of hundreds,

ihe fourth fio;ure represents a number of tJiousands,

the fifth figure represents a number of tens of thou-

sands,

the sixth figure represents a number of hundreds of
thousands,

the seventh figure represents a number of millions, \

the eighth figure represents a number of tens of in illionf, I

the ninth figure represents a number of /iw/u/;'e(/.s o/
[

millions, j

the tenth figure represents a number of biiUovs, \

the eleventh figure represents a number of tens of billions, I

the twelfth figure represents a number of hundreds of
j

billions, j

the thirteenth figure represents a number of trillions.

8. "When the symbol appears in an expression, it

shows that the number, represented by the expression,
contains no single units, tens, hundreds, etc., according
as the is placed in the first, second, third place, the
order of place being reckoned from right to left.

Thus :

20 represents the number which contains two groups of
ten units and no single units

;

800 represents the number which contains three groups
of a hundred units, and no group of ten, and no sin-

gle units;

4007 represents the number which contains four groups
of a thousand uuits, and no group of a hundred, and
no group of ten, aud seven single units.

A^ UMERA TION.

9. To wi'ite in words tlio moaning of a number
expressed in figures, is called Numeratjion.

Tlie remarks, which we have already made, ongh*



4 NUMERATION.

to enable the learner to write in words all numbers
expressed by one, two, or three figures.

Thus:

the number expressed by 8 is written eight
;

tbe number expressed by 27 is written twenty-seven ;

tbe number expressed by 304 is written three hundred
AND FOUR.

10- Next take the case of numbers expressed by
touR, FIVE, or SIX figures, as 4237, 23609, 402675.

Draw a line, separatuig the three figures on the right

of each expression from the rest of the expression, and
over the figure or figures on the left of the line write

the word Tlwusand, thus :

Thousand I Thousand I Thousand
|

4
I

287 ; 23
I

509 ; 402 675.

Then the meaning of each expression can be written

ftt once in words, thus :

Four thousand, two hundi*ed and thirty-seven
;

Twenty-three thousand, five hundi-ed and nine
;

Four hundi-ed and two thousand, six hundred and
seventy-five.

11. Next take the case of numbers expressed by
SEVEN, EIGHT, or NINE figures, as, for instance, the num-
ber expressed by 347295328.

Draw a line, separating the three figures on the right

from the rest of the expression, and a second Hue,
marking off the next three figures. Over these write

the word Thousand, and over the figures on the left of

this second line the word Millions, thus :

Millions I Thousaud I

347
I

295 [328.

Then we can write the meaning in words, thus

:

Three hundi-ed and forty-seven viilliona,

two hundred and ninety-five thousa^id,

tlu-ee hundred twen'v-eight.



NUMERATION. 5

Again, to express in words 20040080, write it thus :

Millions , Thousands I

20
I

010
I

030

and the number expressed in words is

—

Twenty millions,

forty thousand

and thu'ty.

12. If more than nine figures are in the given num-
ber, mark off the figures by threes, as before, and

over the fourth parcel wi'ite the word billions,

over the Ji/th parcel wiite the word trillions.

Thus, to express in words 24003269407032, proceed

thus :

Trillions I Billions I Millions I . Thousands ,

24
I

003
I

269 | 407 j
082

and the number expressed in words is

—

Twenty-four trillions,

three billions,

two hundred and sixty-nine millions,

four hundred and seven thousand

and thu'ty-two.

Note. 1 followed by three zeros, 1000, represents a thousand.
1 followed by six zeros, 1000000, represents a million.

1 followed by nine zeros, lOOOOOOOUO, represents a bil-

lion.

Examples- (i)

Write in words the numbers expressed by the following

figui-es :

—

(1) 7, 13, 45, 59, 826, 4578.

(2) 90, 110, 207, 4300, 4036, 4306.

(3) 780, 609, 6360, 2020, 1101.

(4) 36497, 49532, 654321, 743269.

(5) 45000, 32600, 75230, 500000.

(6) 8572914, 3469218, 4629817.

(7) 9000000, 29000000, 715000000.

(8) 910307240, 307004205, 380503040.

(9) 243759268312, 307405006270.

(10) 417235682719435. 203050300072010.



O NOTATION.

NOTA TION.

13. To represent by figures a number, expressed in

words, is called Notation.

The method to be employed is this :

Prepare the divisions in which the figures represent-

ing thousands, miUions, &c., are to be placed, thus

:

Trillions { BUliona \ Millions I Thousand

I i ! 1

and place in each division, as well on the right and left

of the outermost hues, the figures required.

Thus, to represent by figures forty-seven thousand,

throe hundred and nine, we proceed thus •

Thousand I

47
I

809

and the number expressed in figures is 47309.

Again, to represent by figiu'es four bOlions three

hundred and two millions, eighteen thousand and fifty-

three, we jiroceed thus :

Billions
I

MilHona I Thousand I

4
I

8U2
I

018
I

053

and the number expressed in figures is 4S3201806d.

Examples- (ii)

Express in figures the following numbers :

—

(1) Nine; twelve; seventeen; nineteen; thirteen; six*

teen ; eleven.

(2) Tweuty-tliree ; twenty-seven ; thirty-five ; thirty*

eiglit ; forty-four ; forty ; twenty-six ; thirty-four.

(B) Sixty-seven; seventy-five; sixty-two; ei jj^hty-three
;

seventy-four ; ninety-two ; sixty-eight ; ninety-five.

(4) Seventy-six; twonty-two ; fifty; fifteen; twenty-

eight ; sixty-one ; forty-nine ; eighteen ; ninety ; seventy-

three.

(5) Ono hundred and seven; one himdred and thirty;

two hundred and forty-six; three huaJred and seventy-two ;

six hundred and eight ; seven hundred and forty ; nin«
hundred and ninety.



(6) Eight hundred and thirty-six ; seven hundred and
forty-seven ; four hundred and ten ; nine hundred and
thirteen ; seven hundred and iifty ; three hundred and
eighty-four.

(7) Eight hundred and eighteen ; eight hundred end
eight ; two hundred and six ; four hundred and thirty ; five

haadred and twelve ; seven hundred and eighty-seven.

(8) Seven thousand eight hundred and fo_-ty-five ; nine
thousand six hundred and thirty-seven ; trvelve thousand r

eight thousand four hundred ; six thousand and three

;

eighty-five thousand and forty.

(9) Fivp thousand four hundred and seventy ; three thou-
sand six hundred and fifty ; eight thousand seven huncbred
and eighty ; one thousand two hundred and forty-seven

;

four thousand eight hundred and eight.

(10) Six thousand and four ; seven thousand and twenty-
two ; three thousand five hundred ; nine thousand and forty-

seven : two thousand and seventeen ; nineteen thousand
four hundred and two.

(11) Seventy thousand and seven; sixty thousand and sixty,

fourteen thousand and fourteen ; seventy thousand and
seventeen ; twelve thousand three hundred and three ; six-

teen thousand and five.

(12) Three hundred and fifty-six thousand seven hundred
and twenty-eiglit ; six hundred and forty thousand eight

hundred and forty-two ; nine hundred thousand ; eight hun
dred thousand and forty.

(13) Seven milUons; four millions five hundred and
seventy-six thousand eight hundred and siity-five ; seventy-
five millions eight hundred and six thousand, nine hundred
and forty.

(14) Three hundred and fifteen millions; five millions
and forty thousand ; eight millions and seven hundred

;

eighteen milliuus and twenty ; seven hundi-ed milhons and
two.

(15) Three hundred and fifteen billions six hundred and
seventy-four millions, eighteen tVousand and three ; thirty-

five billions six hundred millions, five hundred and twenty.

(16) Seven billions ; five trillions, eight hundred bilUons,
six hundred thousand and forty-seven ; eight triiUons,

forty-three thousand and seven.

(17) Three hundred and five trillions, five billions, four
millions, six thousand and three ; fifty-three trillions, fifty-

three millions, fifty-three thousand and fifty-three.



8 ROMAN NtJMKKAJLS.

(18) Nine trillions and nine ; ninety trillions and nine
hundred ; ninftppii tnlhuns and ninctf^on tLnnsand ; one
trillion, one m ilion, one tliousaud, one liundi'cd uud one.

ROMAN NUMERALS.

14. In the Roman system of Notation, which is still

used frequently in inscriptions, in references to cha])ters

of cooks, and for other purposes, the s^inbols chiefly

employed were I, V, X, L, C, I), M.

These symbols, standing by themselves, represented

reepectively the numbers one, five, ten, fifty, a hundred,
five hundred, and a thousand. Intermediate numbers
were rapresented by means of an arrangement that the

numbers represented by the symbols I and X when
standing on the right of a higher symbol were to be
added to tlie number represented by that symbol, and
when standing on the ieji were to be subtracted from it.

Thus:

VI represented the number six,

IV represented the number four,

and LX represented the number sixty,

XL represented the number /or^j/.

The following table will explain the method for nmn«
bers up to a thousand :

1 I. 11 XI. 21 XXI. 110 ex.

2 II. 12 XIT. 80 XXX. 15U CL.

3 III. 13 XIII. 40 XL. 188 CLXXXVIIl
4 IV. 14 XIV. 44 XLIV. 200 CO.

6 V. 15 XV. 50 L. 300 CCC.

6 VI. 16 XVI. 60 LX. 400 CCCC.

7 VII. 17 XVII. 70 LXX. 500 D.

8 VIII. 18 XVIII. 80 LXXX. 600 DC.

9 IX. 19 XIX. 90 XC. 900 DCCCC.
10 X. 20 XX, 100 C. 1000 M.



ROMAN NtrMaRAi,S,

Examples- 0^

Write in -^'ords :

(1) XXVII. (2) XLIX.
(4) LXXIII. (5) XCII.
(7) CLXIII. (8) CXCIX.

(10) MDCCCLXXII.

Write in Koman Numerals

:

(1) 37.

(6) 109.

(2) 59.

(7) 145.

(3) 62.

(8) 179.

(3) LXVIII
(6) CXLIV.
^9) DCLXIV.

^4) 87.

(9) 846.
(5) 95.

(10) 1763.

II. Addition-

15. If "we combine two or more gTOiips of units, so

as to make one groui), the number of units in this si)i-

gle group is called the Suii of the numbers of units in

the original groups.

To find the sum of o and 3, we reason thus

:

Since 3^= 1 + 1 + 1,



10 ADDITION.

Suppose we Imve to add togetber the four numbers
2475, 397, 486, aud 8007.

We arraaige them thus :

247r)

397
486

3007

6365

placing the figures that represent units in each number
in the same vertical line, and those tliat represent tens

in the same vertical line, and similarly for those that

represent Jmndreds and tho7isands. We then draw a

horizontal line under the last number, and under this

line we place the number representing the sum of the

given numbers, which is found in the following way :

Adding 7, G, 7 and 5 units, the sum is twenty-five

units, that is 2 tens and 5 units : we place tlie five

under the line of units, and carry on the 2 tens for

addition to the line of tens.

Adding 2, 0, 8, 9 and 7 tens, the sum is twenty-six

tens, that is two hundreds and 6 tens : we place the 6
under the line of tens, and cari-y on the 2 huudi'eds for

addition to the line of hundi-eds.

Adding 2, 0, 4, 3 and 4 hundreds, the sum is thirteen

hundi'eds, that is 1 thousand and three hundreds : we
place the 3 under the line of hundreds, and cany on
the 1 thousand for addition to the line of thousands.

Adding 1, 3 and 2 thousands, the sum is six thou-

sands, and we j)lace G imder the Hue of thousands.

Examples, (iv)

Add together

a) 4 and 7, 8 and I \ 6 and 15, 9 and 27.

(2) 62 (3) 40 (4^ 36
86 27 24





12 SUBTRACTION.

(81) 256497
648098
720430
630689
407246
864928
254384

(32) 654297
248043
380469
472586
682987
639458
498468

(S8) 625498
75862
6436
87294
4859
862
13

(34) 7462594



SUBTRACTION. 18

if we take away one of these nnits from 5, we have 4 left

;

if we take away the second unit fi'om 4, we have 3 left ; if

we take away the third unit from 3, we have 2 left.

The Symbol — , read mhius, is used to denote the

operation of Subtraction. Thus the oi^eratiou of sub-

tracting 3 from 5, and its connection with the result,

may be briefly expressed thus :

5-8=2.

19. By practice we become able to subtract a num-
ber, less than ten, from another number, without

brealdng uj? the smaller number into units ; thus we
say,

7—4=3,
18— 5 = 13,

49— 8=41;

and so on.

20. Before we proceed to explain the process of

Subtraction in the case of higher numbers, we must
notice the principle on which a certain me]) in the

process is founded.

If we are comparing two numbers, with a view to

discover the number, by which one exceeds the other,

we may add ten single units to the greater, if we also

add one group of ten units to the less, and we may add

ten groups of ten units to the greater, if we also add
one group of a hundx-ed units to the less ; and so on.

Suppose, for example, we want to find the number
by which 5Q exceeds 29, we might reason thus

:

66=five tens together with six units.

29= two tens together with nine units.

To the former add ten single units, and to the latter

add one group of ten units.

Then the resulting numbers "wdll be,

in the first case, five tens together with sixteea uaits,

in the second case, three tens together with nine units.

Hence the excess of the former over the latter will be
the number, made up of two tens together with seven
units, and will thereforo be represented by 27.



14 STJUTRArriON,

Let us now take an example, to show the practical

way of performing the o]iei'ation of substraction, acoom-

panied by a complete explanation of the pvote^s.

Sui^pose we have to take 589 from 926
;

From 926
Tuke 589

Remainder 337

"We arrange the members, placing the figures that

reitresent units in each in the same vertical line, and
doing the same with those that represent tens and
hundreds.

We then reason thus : we cannot take 9 units from 6

units ; we therefore add te7i uuils to the 6 units, making
sixteen units, and we take 9 units from the sixteen

units, and set down the result, which is 7 units, under

the line of units.

Having increased the upper number by ten units, we
add, by way of compensation, 1 ten to the lower number,

changing 8 tens into 9 tens. We proceed thus: we can-

not take 9 tens from 2 tens ; wc therefore add ten tens to

the 2 tens, making twelve tens, and from these we take

9 tens, and set down the result, which is 3 tens, under

the hne of tens.

Having increased the upper number by ten tens, we

add, by 'vvay of compensation, 1 hundred to the lower

number, changing 5 hundreds into 6 hundi-eds.

We then take 6 hundi-eds from 9 hundreds, and set

down the result, which is 3 hundreds, under the hue of

hundreds.

, Examples- fv)

Find the difference between the following pairs oi

numbers :

(1) 13 aud 6. (2) 15 and 7. (3) 23 and -i.

(4j 3 and 32.

(5) 57 (6) 96 (7) 74 (8) 87 (9j i»2

23 4'2 39 58 47



aO) 813 (11) 704 (12) 630 (13) 7426

247 • I'Jo. 548 3618

MULTIP!



16 HULTIPLIOATION,

The Multiplication Table-



MTH^TIPLICATIOK. 17

Now since tlie figures in each vertical line are the

same, we may save ourselves the trouble of addition, by

learning, from the Multiplication Table, the numbers

that result from adding the same number four times.

Then we may write the operation in a shorter form,

thus :

67
4

268

The process will stand thus

:

Four times 7 is twenty-ei^ht ; we set down 8 in the place

of units, and carry on two for addition to the Une of tens.

Four times 6 tens is 24 tens, and adding 2 tens, the result is

twenty-six tens, that is two hundreds and six tens ; we set

down G in the place of tens, and 2 in the place of hundreds,

and the final result is 268.

Here 67 is called the Multiplicand,

4 is called the Multiplier,

2G8 is called the Product.

23. The symbol X, placed between two numbers,
expresses that the second is multipUed by the first, and
the whole operation in the example just given is briefly

expressed thus :

4x67 = 268.

9A. Next observe, that the multiplier and miiltjpli-

ca.nd may change places, without altering the value of

thif» Product.

Thrp a X 4 = 4 X 8, or 3 times 4 = 4 times 3.

For 3 times 4 = 44-i-f 1.

= 1+1+14-1)
+ l_j_l-i-i+lLi

+ 1+1+1+lj
And 4 times 3 ^ 3+:i-;-::+3

-1+1+r
+ i+i-;-i

+ 1+1+1
+ i+i+iJ

Now the results obtained from I and II must be the

same, for the horizontal columns of tlie one are identi-

cal wJth the vertical columns of the other.

^IL



18 MULTIPLICATION.

25. If we multiply a rmmber by 10, the product is

obtamed by auuuxiug to iiie uumber, that is,

10 X yG4 = 3640.

If we multiply a number by 100, the product is

obtained by auuexiBg 00 to the uumber, that is,

100 X 364 - 36400.

So by annexing 000 to a number we multiply it by
1000, aud so on.

If we have to multiply a number by 20, we may first

multiply it by 2 and then annex to the result, aud
tlie final result will be the product required.

Again, if we have to multiply a number by 200, we
may first multiply it by 2 aud then aunex 00 to the

result.

The method of expressing the result of multipUca-

tidus of this kind in practice is as follows :

We multiply 427G by 700 and 14239 by 6000 thus :

4276 14239
\ 700 6000

23i)j200 85434000

Examples- (vi)

Find the Product in the following cases of Multipli'

cation.

(1) 3 times 15. (2) 4 tim<^s 76. (3) 5 times 98.

(^4) 10 times 87. (5) 6 times 114. (6) 7 tmies 123.

(7) 11 times 843. ""
(8) 12 times 947.

(9) Multiply 25 hx 2, 3, 7, 9.

(in) Multiply 127 In- b. 8, 10/ 11, 20, 70.

(11) Multiply 24C7 bv 4, C. 11. 12. 61)0, 7000.

(12) MuiUply 37429 by 9, 11, 12, 50JOO, 80000000.

26. Ex. (1). To multiply 347 by 23
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Tlie form of the operation is

:

847
23

1041
" 694

7981

The explanation is this :

The multiplier is made up of two parts 3 and 20, we there-

fore multiply 347 first by tlii'ee, and then by 20, and add thp

two results.

Now 3x347 = 1041.

aud 20x347 = 6940.

m setting do-wn this second result we omit tJiA zero.

because it will have no effect on the addition wiuuli lia?

to be performed.

Examples- (tII)

Multiply

(1) 23 by 15. (2) 37 by 29. (3) 45 by 86.

(4) 70 by 2G. (5) 125 by 24. (6) 327 by 42.

(7) 2i)5 by 43. (8) 31)7 by 98. (9) vi6H4 by 35.

(lU) 5729G by 27. (11) 84293 by 88. (12) 7<JiiU3Uii by 76.

Ex. (2). To multiply 34007 by 213.

84U07
213

102021
84i)07

6SU14

7243491

Here, when -wo multiply 34007 by 200, the result is

68014U0, and we omit the two zervti at tlie end, being
caieful to put the 4 in the place of huutkcda.

Observe that, in all cases, the first figure on the right
of each paitial product will be in the same vertical line
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with the figure by which we are multiplying : thus, in

the example just given, the 4 in the thiid product is in

the same vertical line with the 2 by which we multiplied.

Ex. (3). To multiphj 30047 bij 21009.

30047 ^

21009

270423
30047
60094

631257423

Here the first figure on the right of the second pro

duct stands in the place of thousands, because we are

then multiplying 30047 by 1000.

Ex. (4). Tu malt!ply 70407 hy 8700.

70407
3700

(5)
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Ex, (6). To find Oie, continued product of 14, 8, aiuL

70.

Here we first multix^ly 14 by 8, and then multiply the

product by 70, thus :

14
8

112
70

7840

that is, 14 X 8 X 70 = 7840.

Examples- (ix)

Find the continued product of

(1) 18, 19 and 20. (2) 436. 73. 12 and 6.

(3) 3476, 2300, 70010 and 2003.

27. When a number is multiplied hy iUeJf cnce,

twice, three times, . . . the resulting products are

called the second, third, fourth, . . . Powers of the

number. The process is called Involution, and the

Power to which the number is raised, is expressed by
tlie number of times the number has been employed as

a factor in the oi>eration.

The term square is usually employed instead of second
power.

The terai cube is usually employed instead of third

power.
Thus, 144 is the square of 12, because 12x12 = 144.

64 is the cube of 4, because 4x4x4=64.
81 is the fourth power of 3, because 8x3x3x3=81.

Examples- (x)

Find the squares of

(1) 15. (2) 24. (3) 40. (4) 57.

(5) 69. (6) 72. (7) 87. (8) 100.

(9) 114. (10) 237- (11) 625. (12) 897.

(13) 78C.

And the cubes of

(14) 11. (15) 13. (IG) 25. (17) 47.

(18) 68. (19) 193. (20) 100. (21) 257.
<22) 856. (28) 539. (24) 704. (25) 987.
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V. Division.

28. DmsioN is the process by which, when a product

is given, and we know one of the factors, the other fac-

tor is determined.

Tlie product is, with reference to this pi'ocess, called

the Dividend,

The given factor is called the Divisor.

The factor, which has to be found, is called the Quo-
tient.

29. The operation of division is denoted by the

sign -r

Thus 12-7-3 signifies that 12 is to be divided by 3.

The same operation is denoted by writing the Divi-

dend over the Divisor with a line drawn between them,

thus, —
In this Chapter we shall treat only of cases in which

the Dividend contains the Divisor an exact number of

times.

30. For small numbers, the Multiplication Table

affords the means of sohing questions in Division.

For instance, since 12 — 4 X 3,

1'2 -s- 4 = 3, and 12 -^- 3 = 4 ;

and since 96 = 12 x 8,

96 -r- 12 = 8, and 90 -!- 8 =12.

31. When we divide one number by another, we fir'd

how many times the latter is contained in the fonner,

and therefore any process by whicli we can discover how
many times one number is contained in another will

furnish a rule for division. Such a process is explained

by the examples, wliich we shall now give.

Ex. (1). nimde 408 hy 17.

Since 17X20-. 840,

and 17X30 = 510,

it is plain that 17 is contained in 408 more than ttoenty

times, and less than thirtij times.

If then we take awav 340 from 408, and find how
many times 17 is contaiacd in the number that remains,
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we shall find how many times, more than twenty, the

Dmsor is contained in tlie Dividend 408.

Now 408--340^68, and tliis number contains 17

just four times.

Hence 17 is contained in 408 twenty times, and also

four times, that is, the Quotient resulting from the div-

ision of 408 by 17 is 24.

This process is represent,ed more briefly thus :

17 ) 498 ( 20+4
340

68
68

Hence 408-17 = 24.

And yet more briefly, availing ourselves of the notation
by wliich tlie loc(d value of digits is represented, and we
are enabled to omit zeros,

17 ) 408 ( 24
34

68
68

Ex. (2). Suppose we have to divide 89012 by 10 :

Divisor Dividend Quotient.

17) 80;)12 (5236
85

40
84

61

51

102
102

We first find h.ow often 17 is contained in 80, and as it

is contained live times, we set down as tlie iii.st flexurem the quotient, then multiply 17 by 5, and subbtiact
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the result 85 from the 89: to the remaiDcltr 4 -we an-nex

the nest figure in the dividend ; then as 17 is contained

in 40 tv/ice, we set down 2 as the second figure in the

quotient, then multiply 17 by 2, and substract the result

34 IV * the 40 ; and proceed by similar steps to t'^**

end of the operation.

Ex. (3). Divide 920575 by 23.

23) 920575 (40025
92

Here, when we bring down 0, the third figure of the

dividend, 23 is not contained in it ; we therefore set

down as the second figure of the quotient, and when
we bring do^vn 6, the fourth figure of the dividend, 23

is not contained in 5 ; we thereibre set doT\Ti another

as the third figure of the quotient. When we then bring

down 7, the next figure of the dividend, 23 is contained

in 57 t^vice., and the operation proceeds easily.
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(80) 1165584398000 by 17072.

(31) 35088008823434 by 74291.

(82) 389187U22085112 by 65432,

(33) 837741356152459 by 98989.

(34) 58376823669 by 642867.

(35) 2959990965442 by 9864302.

(36) 261449109180 by 8723694.

32. If any two of the three numbers that form the
Divisor, Dividend, and Quotient be given, we can find

the third.

For Dividend-T-Divisor= Quotient.
Dividend-r-Quotient= Divisor.

Divisor x Quotient— Dividend.

Examples- (xii)

(1 The Dividencl is 1171692, the Divisor 342. Fine! the
Quotient.

(2) The Dividend is 149201, the Quotient 23. Find the
Divisor.

(3) The Divisor is 987, the Quotient 64852. Find the
Dividend.

SHORT DIVISION.

33' When the Divisor is not greater than 12, the

process of division may be greatly abridged.

Suppose we have to divide 92368 by 8.

The operation is set down in the follov^ing form :

8,92363

11546 Quotient.

The following is the process

:

Since 8 is contained once in 9, with 1 as remainder, we set

down 1 UQfler the 9, and mentally prefix the rt^maiuder 1 to

the 2, reading the result as 12 : then since 8 is contained
(wtce in 12, with 4 as remainder, we set down 1 under the 2,

and prefix 4 to the 8, roadin;;: tiie result as 43 ; then t-iuce 8
is contained Jive times in 43, with 3 as remainder, we set

Cowu 6 under the three, and prefix 8 to the 6, readiujj the
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re8.._t as 36 : then since 8 is contained fc»Lr times in 86, with
4 as remainder, we set down 4 under the 6, and prefix 4 to

the 8, r adiug the result aa 48 : then since 8 is contained six

times in 48, with no remainder, we set down 6 under the 8,

and our operation is completed.

Next, suppose we have to divide 11012304 by 12.

The operation is set dovm thus

:

12111042304

920192 Quotient.

The following is the process :

We must take three figures before we obtain a number
which contains 12 ; then we say 12 is contaiued tdit^ tim,e»

in 110, with 2 to carry on ; then 12 is contained t\cice in 24,

and there is nothing to carry on ; then 12 is not contained at

all in 2, we therefore set down under the 2, and carry on
2 ; then 12 is contained in 23 o?m;c, witli 11 to carry on ; then
12 is contaiued in 110 nine times, with 2 to carry on : lastly,

12 is contained in 24 twice exactly.

ride
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VI. On the Resolution of Numbers into Factors.

34. We shall discuss in this section an operation,

which is t]ie opposite of that which we call multiplication.

In multiplication we determine the product of too given

factors : in the operation, of which we have now to treat,

the product is given, and the factors have to he found.

35. For small numbers the factors may be determined
by inspection :

thus, the factors of 21 are 3 and 7,

the factors of 55 are 5 aud 11.

36. When we have found two factors that make up a

product, one or both of these factors may be themselves

reducible to simpler factors.

Thus 9 and 6 are factors of 54 :

and the factors of 9 bein2r 3 and 3,

and the factors of 6 being 2 and '6,

the number 54 can be split up intofour factors, 2, 3, 8, 3.

37- Prime numbers are those, which have no exact
d' visor but themselves and unity.

Thus 2, 3, 5, 7, 11, 13, 17, 19 are Prime Numbers.

Composite numbers are those, which can be resolved

into factors, each of which is greater than 1.

Thus 4, 6, 8, 9, 10, 12, 14, 15, 16, 18 are Composite
N ambers.

38. Every composite number can be resolved mto
factors which are prime numbers : thus

4 = 2X2; 6.^2x3; 8 = 2x2x2; 9 = 3X3.

Hence, in resolving a large number into factors, we
divide it by any small prime number, by which we know
it is exactly divisible, aud then divide the quotient by
any small prime number by wliich it is exactly divisible,

and proceed in this way, till the quotient is 1 ; then
the divisors are the factors required.
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Tlius, to find the factors of 2520 :

2
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(1) 117. (2) 288. (8) 495.

(4) 1050. (5) 23472. (6) 42345.

(7) 27464. (8) 32495. (9) 84732.

(10) 6480. (11) 619182718.

Note.—We have inserted these remarks at this point,

because, in attempting to resolve a large number into factors,

it is well to know whether the attempt to divide it by 2 or 3
or 5, &c., will be successful.

The student may now, following the insti-uctions given

in Art. 88, work another set of Examples.
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(1)
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Again, il we have to divide 721G9 by 53, -vre proceed
fclius,

63) 72469 {13G7
6a

194
159

856
818

889
871

18

Hence the Quotient is 13G7, and the Remaindei' 18.

Note.—If we multiply the Quotient by the Divisor, and
adil the .Remamder to the product, the sum must beequal to

the Dividend.

Examples- (xix)

Divide

0)
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Bx. (2). Divide 572948 by 125.

. 5i572948

126-1 6 114589 and 3 units over.

^ 5 22917 and 4 parcels of 6 units, or 20 units over.

4583 and 2 parcels of 25 units, or 60 units over

Whence the Quotient is 4683, and the Remainder it

50 + 20 -(- 3, or 73.

Examples- (xx)

Divide, employing Short Division,

CI) 4153 by 15.
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from divisor and dividend, and find the quotient and
remainder by a similar process.

44. If any three of the four numbers, that form the

Divisor, Dividend, Quotient and Eemainder be given, we
can find the fourth.

1. Let Divisor, Dividend, and Quotient be given.

Multiply the Divisor by the Quotient, subtract the result

from the Dividend, and you have the Eemamder.

2. Let Divisor, Quotient, and Eemainder be given.

Multiply the Divisor by the Quotient, add the Eemainder
to the result, and you have the Dividend.

3. Let Divisor, -Dividend, and Eemainder be given.

Substract the Eemainder from the Dividend, divide the

result by the Divisor, and you have the Quotient.

4. Let Quotient, Dividend, and Eemainder be given.

Substract the Eemainder from the Dividend, divide the

result by the Quotient, and you have the Divisor.

Examples- (xii)

(1) The Divisor is 25, the Dividend 4276, the Qaotient
171. Find the Remainder.

(2) The Divisor is 342, the Quotient 1381, the Eemainder
67. Find the Dividend.

(3) The Divisor is 696, the Dividend 372149, the Remain-
dor 245. Find the Quotient.

(4) The Quotient is 2910, the Dividend 8765237, the Ee-
mainder 317. Find the Divisor.

VTIL Methods of Verifying the Operations and
some Practical Methods of Shortening Labor in

the Fundamental Rules.

45. Addition. The usual verification is to add both
upwards and downv/ards, and see if the sums agree.

This is generally sufiicient. Another method is to

draw a horizontal line across the middle of the sum
and add it in two separate parts, then find the sum of
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the two answers, wliicli must ngree ^^•itll the work it is

to verify. If it be a very U)ug sum, it may be divided

iuto three parts by two horizontal lines, and the thiee

separate sums found, &c.

46. Subtraction. The correctness of the result in

subii action maybe tested by adding the remamdcr or

difference to the subtrahend, when tlie result ought to

be the same as the top line or minuend.

47- Multiplication. The proof of multiplication by
casting out the nines depends on the following property

of numbers :

—

Any numher 'Uvided hy nine will leave the seme re-

mainder as the sum of its digits divided hy nine.

This will be evident from the following example

:

6783 6000 700
^ 80 3__~^~^ ~9~ + F "^ X + sT

= (
66r. + I) + (77+1)+ (8 + f+f

)

-+-^= 666+77+8+A+7_^8_^3

= 751+^L+8±3_.

Hence it is clearly seen that the remainder, arising

from the division of 6783 by 9 is the same as that aris-

ing from the division of the sum of the digits by 9.

This test may be given in the form of the following

rule

:

Divide thf. mm of the digits in the Multiplicand by 9,

ayid set down the remainder. Divide the sum of the digits

in the Multi}jlu'r by 9, and set down the remainder. Mul-

tiply the two remaiitders together, divide the result by 9,

and set uown the remainder. If the process be correct,

this remainder will be the same as the remainder obtained

hi; taking tJie sum of the digits in the Product and divid-

ing it by 9.

For example, if we multiply 76371 by 851 tlie pro-

duct is 65220834.
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Sum of digits in Multiplicand= 24,

and 24-4-9 gives remainder
Sum of digits in Multiplier = 17,

and 17-T-9 gives remainder
First remainder X second remainder = 48,

and 48-J-9 gives remainder 3.

Sum of digits in the Product = 30,

and 30-T-9 gives remainder 3.

This so-called proof is defective as a proof in tht

following, as it fails to detect errors in the product

—

1. If the order of figures iu tlie product be misplaced,

as 37 fov 73.

2. If errors be made which counterbalance each other,

as 35 written for 62, the sum of digits in each case

being the same.

3. Tf he written for 0, or for 9, or either be
omitted or inserted too often.

48. Division. To prove divir,ion, multiply the divisor

by the quotient, and add the remainder, if tliere is one,

to the product. If the result is equal to tlie dividend,

we have a verification of the first operation. Division

may also be proved by casting out the nines, but the

proof is less direct than in multiplication. For instance,

if we divided 417 by 29 the quotient is 14 with remainder

11. The most convenient form in which to apjdy the

proof of nines is to v.'rite this in the form of 2!) x 1 1 -t- 11

= 417. The ,remainder gives 2x5 + 2 or 12. This
remainder and the dividend, 417, divided hy 1), give a

remainder 3, which therefore proves the work.

49. Arithmetical Compi-eiment. Tlie aritltmotical

complement of a number is defined to be tlie dilTereuce

between any given number and tlie unit of the next

superior order ; thus 6 is tlie aritlimetical complement of

4, 47 of 53, 84G8 of 1532, and so on, being the differ-

ences respectively of 4, 53, 1532, and 10, 100, 10000,

the next superior units of these n?mibers. Conversely,

also, 4, 53, 1532 a'ethe arithmeticai complements of 6,

47, 8468 respectively.
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The arithmetical complement of a number may be

found by the following rule :

—

Begin at the left hand and subtract every figure from
9 until tJie last ; subtract that from 10.

The arithmetical complement may be used to find the

difference between two numbers, thus : if 239 be sub-

tracted from 576 the remainder is 337. But if 761, the

arithemetical complement of 239, the less number, be

added to 576, the greater, the sum "will be 1337, one

unit (1000 in this case) of the next superior order

greater than the difference of the two numbers. By
removing this unit, the number will bo left equal to the

difference of 239 and 576 ; so that the difference of the

tvv'o numbers can be found by addition. The arithmetical

complement may be written thus 1761, with the sub-

tractive unit on the left, which v-^hen added to 576, the

sum will be 337, the additive and subtractive units

being together equal to zero.

This method is employed with great advantage to

find the aggregate of several numbers when some of

them are additive and some subtractive. Thus, if we
have

—

3795 - 1532 - 2019+8759 - 6104

We arrange them as follows :

—

3795
A. C. of 1532 is 18468

2019 " 17981
8759

5104 " 14896

3899

the aggregate required.

50- Contractions in Multiplication.—The multipli-

cation by any number from 12 to 19 inclusive, may be

effected as follows

:

Multiply by the figure (f the Multiplier in the units'

'place, and to the number to be carried add the figure of

the Multiplicand just multiplied.
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Ex. 1. Multiply 2384 by 19.

2384
19

45296

4X9= 36 ; set down 6 and carry 3.

8x9+3 carried-|-4, the units fig^r*^ of the multiplicand
= 79 ; set down 9 and carry 7.

3x9+7 carried-f-8i the tens' figure of the multipUcand
= 42 ; set dowr. 2 and cany 4.

2x9+4 carried+3, the hundreds' figure of the multipli-

cand ^ 25 ; set down 5 and carry 2.

2 carried+2, tlie thousands' figure of the multiplicand
= 4 ; set down 4.

The backfigur-. system, as it is sometimes called, may
be extended to numbers between 20 and 30, and be-

tween 30 and 40, by adding to the number to be carried

the double or the treble of the figure of the multiphcand
just multiplied.

Ex. 2. Multiply 34578 by 999.

Here 34578000 = 1000 times. 34578.
and 34578= 1

84543422= 999 times 34578.

Ex. 8. Find the product of 34578 by 699.

Here 699 = 700-1
And 24204600 = 700 times 84578.

34578= 1 '

24170022 = 699 times 34678.

Hence, any number can be multiphed by 99, 999,

9999, &c., by annexing 2, 3, 4, &c., ciphers to the
multiplicand, and subtracting the multiplicand from
this product. And iu a similar Avay any number can
oe multiplied by another composed of a repetition of

the figure with any otlier figm*e in the highest place.
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Ex. 4. Multiply 9G43287 by 378i27.

96 4 3 2 87
(378>ci2n7)

7 times the multiplaTid = 676(JoU09

42 times the mnltiplicand = 6
1

times 7 times multiplicand = 6 [ =405018054
times 675Ui5009 j

378 times the multiplicand
^= 9times 42 times the oc^-ieo-foft

mulultmhcand = 9 tunes
405018054 j

8649280169549

To Square any Number ending in 5.

Square the 5 and yfxiie do"mi the result ; then in-

crease the number to the left of 5 by 1, and multiply

this sum by the number to which the 1 was added.

Set this product to the left of the 25 and the nuuibei

thus formed will be the result requii-ed.

Ex. Find the square of 75-.

5 squared = 25.

Add 1 to 7 and multiply by 7 and place the 66 to the

left of the 25. 5625 is the result required.

51. ABBBE^^ATIONS IN DmsioN. Since 4 x 25 is 100,

and 8 x 125 is 1000, the di\ision by 25 will be effected

by multiplexing the dividend by 4, and cutting off the last

two figures from the product. The division by 125 will

be effected by multiplying the dividend by 8, and cut-

ting off the last three figures from the product. In each

case the figures cut off, when divided respectively by 4

or by 8, will be the remainder, and those left will be the

quotient.

Any number can be divided by 9, 99, 999, &c., by
successively dividing the given number by 10, 100,

1000, &c., respectively, and taking the sum of the

successive remainders for the true remainder; except

when the sum of the latter exceeds the next higher

unit ; in that case both the quotient and remainder must
be increased by unity.
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Es. Divide 65874 by 99.

100 ) 658.74

6,58

6

635,39

Here the sum of the partial remainder is 138, and
both tlie quotient and remainder must be increased by

unity. The reason of this we leave as an exercise for

the student.

There is a method of dividing one number by an-

other, termed the Italian method, which materially

shortens the process. In this method all the partial

subtrahends are omitted, and only the partial remain-
ders retained in the working.

Ex. Divide 108419716121 by 578a.

6783 J
108419716121 ( 18748005

50589

43257

27761

46296

2121

32 [)6 final rem.

The first step is simply subtraction, giving 5058 for

remainder. The work of the next step is as follows :

8 times 3 is 24 : 4 from 9 gives 5 (which put down)
and carry 2. 8 times 8 and 2 give 60 : 6 from 8 gives 2

(which put down) and carry 6. 8 times 7 and 6 give

62 : 2 from 5 gives 3 (put down) and carry 6. 8 times

5 and 6 give 46 : 46 from 50 gives 4 (put down.)

It sometimes happens that one has also to be carried

from the subtraction. For instance, in this case

—

6V83 ) 50581 (

8

4317
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We say : 8 times 3 is 24 : 4 from 11 gives 7 fput do-wn)

and carry 3 (instead of 2). Then 8 times 8 and 3 give

67 : 7 from 8 gives 1 (put down) and cai'ry 6, &c.

Examination Papers.

I.

(1) Express in words, 4237498 ; anrl in fii^ures, six hun-
dred and fifty-three thousand ei^ht huadrsd and twelve.

(2) Find the sum of 24753, 83729, 4237, and 80462.

(3) Find the difference between 86298 and 78464.

(4) Multiply 8627 by 493, and 50042 by 807.

(5) Divide 8423793 by 9, and 2659582 by 358.

II.

(1) "Write in figures, twenty-five millions two hundred and
fifty-seven thousand J»ix hunjred and thirty ; and in words,
402U50407.

(2) From seventeen millions and seventeen take eight

thousand and eight.

(3) Multiply 6549 by 4037, and 27004 by 8700.

(4) Divide 32456789 by 96, first by long division and then

by short division, and show that the results agree.

(5) Find the sum of one million and six, fifteen thousand
and eleven, one hundred thousand and ten, and sixty thou-

sand four hundred ; and divide the result by 9.

III.

(1) "Write in words, 10010201401 ; and in figures, one
million twenty-three thousand and one. Add together the

two numbers, and from the sum subtract theh difference.

(2) Multiply 740296 by 2039, and 426004 by 3704.

(3) Divide 78297426 by 35, employing short division.

(4) From one hundred and twenty-six millions four hun-
dred and six thousand and three take ninety-five milhons
and four.

(5) Divide the product of 723 and 347 by 48

IV.

(1) Express in figures the number- repreeenteS by
MDCCCLXXXVIII.

(2) Divide 987654321 by 132, using short division.
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(3) 11651106 to prime factors 56, 78, and 114.

(4) Multiply the sum of 86297 and 40025 by the difference

between 789 and 694.

(5) By how many does one million exceed one hundred
and one ?

(1) Divide three hundred and fifty-thiee billions eighl

millions nine hundred and seventy-two thousand six hun-
dred and two by 5406.

(2) Multiply 8976589 by 9876.

(3) Resolve into elementary factors (i. e. prime numbers)
40, 90, and 126.

(4) Express in Roman Notation 24, 47, and 178.

(5) How many bricks may be taken away in 24 carts,

each taking 500 bricks ?

VI.

(1) Explain the method for the multiplication of two num-
bers, each consisting of several figures, and multiply 30071
by 20590, explaining the reason for each step of the process.

(2) Multiply 76894754 by 112756 in three lines of partial

products.

(3) By what number must the product of the sum and
difference of 8376 and 5684 be increased so that the result

may be exactly divisible by 7859 ?

(4) A drover bought 527 sheep at $2 per head ; twice as

many calves at thrice us much per head, 19 cows at $29 per
head, and thrice as many horses as cows at four times as

much a piece. How much did the whole drove cost him ?

(5) One-half the sum of two numbers is 4331, and one-half
their difference is 3353. Find the numbers.

VII.

(1) Eight head of cattle at $23 each, and 7 horses at $89
each, were given for 3 acres of land. What was the land
worth per acre ?

(2) If 18 men can reap a field in 70 days, how long will

it take 19 men to reap the same field ?

(3) A man bought an equal number of sheep and cows for

66300. Each sheep cost 13.50, and each cow $21.60. How
many of each did he buy ?
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(4) It was fonnd that after 789 had been siihtrncted 875
times horn a certain nura'oer that the remainder was 862.

Find the number.

(5) The ages of three brothers are 19, 17, and 15 years,

and their father wills them his property worth $35,700
according to their ages. What does each get ?

VIII.

(1) There is a number which, when ^divided by 4 and the
quotient diminished by 35^ and the result inultiplied by 10,

and the product decreased by the difference between the
arithmetical complements of 7846 and 3479 gives 883. Find
the number.

(2) If 5 ll)s. of tea are worth 15 lbs. of coffee, and 4 lbs.

of coffee are worth 8 lbs. of sugar, how many pounds of

sugar are worth 75 lbs. of tea ?

(3) Find the number from which if 13675 be taken the
remainder will be 45209 less 27G45.

(4) A horse is worth 8 times as much as a saddle, and
both together are worth $261. Find the value of the horse.

(5) A dealer in cattle gave $8100 for a certain number,
and sold a part of them for $3600 at $13 each, and by sc

doing lost $2 per head. For how much a head must he sell

the remainder to gain $300 on the whole ?

IX.

(1) Any number may be multiplied by 5, 25, 125, A;c., by
annexing 1, 2, 3, &c., ciphers respectively to the number,
and then dividing it by 2, 4, 8, &c. Explain the reason of

this rule.

(2) Of what number is 99995 both divisor and quotient?

(3) A person bequeathed his property to his 3 sons. To
the yo-'-nge^'t he gave $1789; to the seci^nd 5 times as much
as to the youngest ; anc\ to the eldest 3 times as much as to

the second; find th^. value of the property.

(4) In walking a certain di<5tance John takes 17691 steps;

bow many steps will James take in v/nlkinq hall the dis-

tance, John taking 3 steps for every four of James's?

(5) A merchant failed and his goods were worth $7770.
Out of this he can pay his creditors 37 cents on the doHar.
Oue of his creditors got $1993 as his share. Fiad the mer-
chant's indebtedness, and wiiat he owed the one creditor.
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X.

(1) In the multiplication of nnmhers, how do yon prove

fchs correctness of the operation by castin'^ out the nines?

Explain and give reasons for the rule, and show the errors

to which it is liable.

(2) Multiply tos:ethpr 172814412 and 987654321 in three

lines of partial products.

(3) Simplify 1 -2+4- 8 + l<3- 32-f64-128+258-512-f-
1024 - 2048+4 196 -8192 + 16884 - 32768+65536 - 131072+
262144 - 524288+1048576 - 2097152+4194304.

(4) Divide 7864643457 by 9999.

(5) The quotient is equal 6 times the div'sor, and the

divis )r to 6 tim'^s"the remainder, and tJie three together

amount to 516; find the dividend.

IX. On the Method of Finding the Highest
Common Factor of Two or more Numbers.

52. A number is said to be a Factor oi another num-
ber, when the latter is exactly divisible by the former.

Thus 3 is a factor of 12.

A number is said to be a Common Factor of two or
more numbers, when each of tJie latter is exactly divis-

ible by the former. Thus 3 is a Common Factor of 9,

12, and 15.

The IligheM Common Factor of two or more numbers
is the highest number which will exactly divide each of

them.

Thus G is the highest Common Factor of G, 12, and
18, and i) is the Kighest Common Factor of 27, 3G and
108.

The words Highest Common Factor we shall write
briefly n. c. f.

For small numbers the h. c. f. may be found by in-

spection, and by way of practice the student may work
the following examples, applying the tests of divisibility

given in Art. 38.



(2)
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Also, 7 is a factor of 5 times 91, and of any other muUiple of 91.

A.nd 7 is a factor of 8 times 28, and of any other multiple of 28.

Any number which is a factor of 689 and 1573 is a factor also

of their difference 195, •

and is therefore a factor of any multiple of 195 —e. g., 585,
and therefore of 585 and 689,

and therefore of their difference, 104,

and therefore of 104 and 195,

and therefore of theu- difference, 91,

and therefore of 91 and 104,

and therefore of their difference, 13,

and therefore of 91 and 13,

and therefore since 13 is & factor of itself and 91, it is a factor

of the given numbers 689 and 1573.

Also, 13 is the Highest Common Factor of the given numbers,
for it has been shown that any number which is a, factor oi 689 and
1573 is also a factor of 13, and since 13 is the highest factor of

itself, it is the Highest Common Factor of 689 and 1573.

In the preceding proof it may be observed that the quotientg

ire of no importance to the result. We are simply finding the
difference between a certain number used as a dividend and a
multiple of another number used as a divisor. This multiple,

tb^refore, need not always be less than the dividend, and it will

be sufficient to find the difference between the dividend and the
nearest multiple of the divisor. Attention to this will some-
timss shorten the labor. Thus in the preceding example,

195)689(4
780

91)195(2
182

13)91(7
91

Find the h. o. p.

Examples- (xxiii)

of

(1) 384 and 1296. (2)

(3) 7455 and 47223. (4)

(5) 6906 and 10359. (6)

(7) 49603 and 169416. (8)

(9) 1581227 and 16758766. (10)

2272 and 8552.

12321 and 54346.
1908 and 2736.
126025 and 40115.
35175 and 236845.

54. If the H. c. V, of three numbers be required, we
first find the h. c. f. of two of the numbers. Then the
B. c. F. of this result and the third number will be the
H. 0. F. required.
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For example, if we require the h. o. f. of 351, 459,

and 1017, we first fiud the h. o. f. of 351 and 459 to be

27, aud then we tiud the h, c. f. of 27 and 1017 to be 9,

wliich is therefore the h. c. f. requued.

Examples- (xsiv)

Find the h. c. f. of

(1) 16, 20, 28. (2) 14, 42, 56. 138.

(3) 305, 511, 803. (4) 232, 200, 403.

(5) 492, 1476, 1763. (6) 148, 414, 592, 703.

X—.Lo¥7est Common Multiple.

55. A number is called tlie MulHiAe of another num-
ber, when the former is exactly divisible by the latter.

Thus 12 is a multiple of 3.

A number is said to be a Common Multiph of two or

more numbers, when the former is exactly divisible by

each of the latter. Thus 12 is a Common Multiple of

2, 3 and 4.

The Lowest Common Multiple of two or more num-
bers is the lowest nimibbr, which is exactly divisible by

each of them.

Thus 12 i<3 the Lowest Common Multiple of 4, 6 and

12, and 60 is the Lowest Common Multiple of 15, 20

and 30.

The words Lowest Common Multiple we shall ^vlite

briefly l. c m.

56. To find the l. o. m. of two numbers we have the

following Rule.

Divide one of the vumhers by the h. o. p. and mnlhphj

the quotient by the other number. The result is the l. c. m.

For exa,mple, to find the l. c. m. of 24 and 30.

The H. c. f. of 24 and 36 is 12.

Now 24 -T- 12=2.
.-. L. c. M. of 24 aud 36=36x2= 72.

Note.—The symbol .". stands for the word therefore.

Since 12 is the n. c. f. of 24 and 86, then 24 = 12X2 and 36 =
12XiJ, also 24Xa6 = 12X2Xi:iXi, aud obviously the least com-
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noon mtiltiple of the two numbers will consist of the product of

all the primo factors in the two numbers ; or the least oommon
24X36 „o

multiple of 24 and 36 = 12X3X2 or—^g" ~
And there is no integral number less than 72, which is a mul-

tiple of 24 and 36.

For 72 contains 24, 3 times, 36, 2 times, and 3 and 2 being
prime to eacli other :

Wherefore the l. o. m. of 24 and 36 = ^^
' °^ *^® ^^^^*

common multiple of two numbers, is equal to their product
divided by their highest common factor.

The following form is perhaps, more convenient in practice.

24X36 36
L. C. M. of 24 and 36=—:r^— = 24x —-.

The L. 0. M. of two numbers is equal to the product of either

of the numbers multipl ed by the quotient arising from dividing

the other by their highest common factor.

Examples. (x:xv)

Find the L. C. M. of

(1) 27 and 54. (2) 88 and 108.

(3) 633 and 844. (4) 195 and 735.

(5) 10)0 and 2125. (6) 3432 and 3575.

(7) 936 and 2925. (S) 2304 and 4032.

(9) 2443 and 4537.

57. To find the l. c. m. of three or more numbers, we
might find the l. c. m. of any two, and then find the

L. c. ii. of the resulting number and of a third of tlie

original numbers, and so on, the final result being the

L. 0. M. required.

T!mis to find the l. c. m. of 12, 20, 36 and 54, we
niig' . proceed thus s

the L. c. M. of 12 and 20 is 60,

of GO and 36 is IS'),

oil8U and 54 is 540;
.•• the L. c. M. of 12, 20, 30 and u4 is 540.

Hut in practice it is generally more convenient to pro-

ceed by the following Rule.

Set down the given mivibers side hy side ; divide by any
number. commenci/Kj Witk 2, 3, 5 . . . which will exactly

UiviUe two at hast of the numbers ; set down the quotients
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and the nuwhrrs that are not exactly divisihie by the

divisor, side hy side : and. proceed in this nay till yoit yet

a line of numbers, which are 2^^'iin^ to one another . Then
the 'Continued product of all the divisors and the numbers

in this line will be the l. c. m. required.

Thus, te fiDd the l. c. m. of 12, 20, 30, 54.

2 ! 12, 20, 30, 54

2
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Examples, (xxvi)

Find the i.. o. m. of

(1)
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III.

(1) Explain liow you would find all the divisors which a

number has. Find those of 1800.

(2) The L. c. M. ot 2, 3, 4. 5, 6, 8, 9, and another numbei
prime to them is 10440. What is this number?

(3) How do you detormine whether a number is prime oi

composite ?

Which of the followin,? numbers are prime and which
composite :—3391, 2G99, 14787 and 1477?

(4) Three men, A, B, and C start together from the same
place to walk round an isbmd GO miles in circ-umlerence

;

they walk in the same direction. A at the rate of 5 miles per
hour, B at 4, and G at 3. In wuat time will all be together

for the first time after starting, and how many miles will

each have gone?

(5) Find the greatest weight, in grains, that will measure
both p()uuds Avoirdupois and pounds Troy, there being 5760
grains in one pound Troy, and 144 lbs. Avoirdupois contain
as many grains as 175 lbs. Troy.

IV.

(1) Define Factor, Me^isure, Multiple, and explain when a
number is Prime a)id when Compobite. lu what digits must
prime numbers end ?

(2) The product of two numbers is 1270374, and half of

one of them is 3129. Whatjs the other ?

(3) The forevvheel of a carriage was 11 feet in circumfer-

ence, and the hind one 13 feet. There being 5280 feet in

mile, how many miles had a carriage gone when the same
spots which were on the gmuud at the time of starting,

had been on the ground 360 times at the same instunt?

(4) A can dig 36 post -holes in a day; B can dig 32, and
C 30 in tbe same time, Wliat is tbe smallest number which
will furnish exact days' labor either for each working alone
or for all working together ?

(5) How many firkins of butter, each containing 56 lbs. at

23 cents a pound, must be given for 14 bbls. of sugar, each
containing 276 lbs. at 8 cents, per pound ?

V.

(1) Explain the use of zero in decimal notation.

(2) Find the greatest number which will divide 1C974
»nd 16836, leaving as remainders resnectivelv 54 and 38.
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(3) The dibits in the nnits' and milh'ons' places of a nnm-
ber are 2 and 7 resneotively, what will be t!ie dibits in the

same places when 999999 is taken from the number ?

(4) An avenue 3 miles Ions: is planted with 5 rows of trees.

The trees are placed in the different rows at the distances oi

6, 8, 9, 10 and 12 feet respectivelv. If the rows start from
the same straisrht line, (1) how often will 5 trees be in aline,

thpre beinsr 5230 feet in a mile ? and (2) how many trees

will there be in the avenue ?

(5) A number is composed of the following factors : 2*,

33 , 5\ 11 and 17 ; find the number.

XI.—On Fractions.

58. Numbers are the measures of quantities.

A Quantity is anything, which may be regarded as

being made up of parts Uke the whole.

Thus a sum of money is a quantity, because we may
regard it as made up of parts like the whole.

To measure any quantity we fix upon some known
quantity of the same kind for oiu- standard or Unit, and
the Ndmber, which expresses how many times tliis Unit
is contained in the quantity, is called the Measube of

the quantity.

To put this in a more jyractical shape, we give the

follo-vN'ing illustration : We measure large sums of money
by the Unit which we call a Pound, and when we say
that a man's income is Jive hundred a year, we mean,
that he receives yearly a sum of money, which contains
tlie unity five hundi'ed times, and we call the Number
^ive Ilundied the measure of his income.

59. Now we can conceive that a unit of measurement
may be chvided into a number of jiarts oi equal magnitude.

For instance, if we take a Pound as the Unit, by
which we mcasiu'e sums of money, we suppose tliis unit
to be divided into twenty equal parts, and we call each
of these parts one-ticevtinth of a Pound ; two sucli parts
tpill be two-twentieths, three wdh be tlaee-tweutieths of a
Pound. Such paits are called Fractions of a Pound, or
other Unit, and we cive the foUowinar definition

:
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Dep. We form a Fraction by dividing a unit into

some number of equal parts and by taking one or more
of those parts.

The number of equal parts, into -which the Unit is

divided, is called the Denominatok of the fraction, and
the number expressing how many of these parts are

taken to form the fraction is called the NuiiESATOR of

the fi-action.

These operations are denoted by the following symbols

:

we represent a fraction b}' writing the numerator above

the denominator, and separating them by a liorizontal

line.

Thus I represents the fraction, of which the nume-
rator is 3 and the denominator 4.

Such Symbols are called Fraction-Symbols, or, fof

brevity. Fractions.

60. The symbol ^ is read one-half.

The symbol ^ is read one-third.

The symbol f is read three-fourths.

The symbol f is read sis-sevenths,

and so on.

61. The Numerator and Denominator of a Fraction

are called the Terms of the fraction.

A Proper fraction is one in v/hich the Numerator is

less than the Denominator, as f.

An Improper fraction is one in which the Numerator
is greater than the Denominator, as f.

In our 'explanation of the fundamental operations

performed with fractions we shall make use, as far as is

possible, oi'jyroper fractions only.

62. To show thatf=T%.
Suppose a Unit to be divided into 3 equal parts.

Then f will represent 2 of these parts (1).

Next, let each of the 3 parts be subdivided into 4
equal parts.
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Thus the Unit has been divided into 12 equal parts, aud
j-*^ will represent 8 of these subdivisions (2).

Now 1 of the paorts in (1) is equal to 4 of tlie subdi-

visions in (2).

.•. 2 parts are equal to 8 subdivisions,

We draw from this proof two inferences :

I. K the numerator and denominator of a fraction

be viultiplied by the same number, the value of the frac-

tion is not altered.

Thus 3 — 12 onfl 4 _ 4 0.xuub -j,-_^-g., ana yy— x^iy

II. If the numerator and denominator of a fraction be
divided by the same number, the value of the fraction is

not altered.

Thus !•* — '' anrl 9o _ 9

63. To make the important theorein established in

Article 62 more clear, we shall give a practiced proof

that -1=^, by taking a straight line as the imit of

lenofth.

A E D F B C

Let the line ^ be divided into 5 equal parts.

Then, if B be the point of division nearest to C,

ABis^oiAG (1).

Next, let each of the parts be subdivided into 4 equal

parts.

Tlien AG contains 20 of these subdivisions,

and AB contains 16 of these subdivisions ;

.-. ABisl^oH AG (2).

Compaiiag (1) and (2), we conclude that
4 _T«

64. A fraction is in its Lowest Terms when the nume-
rator and denominator have no common factor except

unity :
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Thus f, f, \y represent fractions in their lowest

terms.

To reduce a fraction to its lowest terms we have the

following liule

:

Divide the Numerator and Denominator by their n, c. f.

Thus, if we have to reduce H to its lowest terms, we
know that 9 is the H. c. F. of 18 and 81, find dividing the

numerator and denominator by 9, we have the resulting

fr-vction ^.

Again, to reduce -^^^ to its lowest terms, we find 25 to be
the H. c. F. of 25 and 500, and therefore -^^ will be the

reduced fraction.

When we see, by inspection, or by an application oi

the tests of divisibility given in Art. 38, that a factor is

common to both Numerator and Denominator, we may
divide b'^th by this factor and reduce the fraction to

lower term-!, without going through the process of find-

ing the H. c. F.

Thn=5, to reduce tire ti-action tniVn. we see that both terms
ara divisible by 10, and .'. ski'-uv= tr/o"-

Now 27 and 93G are Doth divisible by (.Irt. 38),

Esamples. (xxvii).

Reduce to their lowest terms the following fractions :

(3) .A%-. (4) in.
(7) ^^U. (8) -.^sW-

(10) ihih

65. Two fiUctions may be replaced by two equiva-

lent fractions With a Common Denominator by the

following rule :

Find the l. c. u. of the dtmominators of the given frac-

tions.

Divide the l. c. ji. /))/ the dmnminntor of each fraction.

Multiplij the firat Xnmcrator bij the first Quotient.

Mtdtiply the second Xiunerator by the second Quotici7t,

(1) U-
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The two Products icill be the Nioiiej'ators of the equiva-

lentJractionx, xihoae common denominator is the l, c. m. o/

the ori(jinal denuminators.

The same rule holds for three, four, or more fractions.

Ex. (1). Eeduce to equivalent fractions with the

lowest common denominator
-f
and ^.

Denominators 8, 7,

L. c. M. 56.

Quotients 7, 8.

New numerators 21, 32,

Equivalent fractions f J-, ||.

Ex. (2). Reduce to equivalent fractions with the

lowest common denominator
2 4 1 .3

Denominators 3, 9, 72.

L. c. SI. 72.

Quotients 24, 8, 1.

New Numerators 48, 32, 13.

Equivalent fractions vf -yf 44-

Examples, (xxviii).

Reduce to equivalent fractions with the lowest com-
mon denominator.

(1) i f (2) f A ^. (3) i f A-
(4) nV H U -iHAr. (-^) ^ \^ n -iV-.

(0) i ^ ^ -h. (7) A /t Vo- -^oV-

66. To compare the values of two or more fractions,

we convert them into equivalent fractions with a com-
mon denominator : then the comparis'm of tl^e vnlues of

the orij^inal fractions can be made by comparing the

numerators of the new fractions.

For example, to compare the value of § | and ^.

The equivalent fractions ai-e ^l 1} |".

The descending order of value of the numerators is G3, 60,

66;

.*. the descending order of value of the given fractions is
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o7 We may also compare fractions by reduciug them
to ti actions with a common Numerator, and assigning

the greatest vahie to that one of the resulting fractious

which has the least denominator.

Thus tc compare the values of

3 2 7 {,,,-1 9 1

The equivalent fractions are

8 1 R 1 ani\ 8 1

. . the descending order of the given ft-actions is

2 7 8 1 3

Examples, (xxix).

Compare the values of

(1) ?- f tV (2)

(3) A il if- (4)

(5) A 4^ f^ (6)

3 7
^(T fir

i? :5T'

ADDITIOX OF FRACTIONS.

68. The rule for adding two or more fractions to«

gether is this :

Reduce the Fractions to equivalent fraetions having the

Lowes Common Denominator.

Then add the numerators of the equivalent fractions and

place the result as the Numerator of a fraction, whose

Denominator is the conimon denominator of the equivalent

fractions.

The fraction uill be equal to the smn of the origina

fractions.

For example, to find the sum of ^ and \.

1 i_ 1 — 4 I .3 — 7

Examples^ (xxx).

Find the sum of the following fractions

:

(1) i and |. (2) -| and ^^^,

(3) f Aand/j. (4) f A and ^.
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(5)
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71. To prove that f of f = ,8^

I of I = I of il Art. 62.

Now suppose a unit to be divided into 15 equal parts.

Then |- of |= | of 12 of sncb parts

= j«j of 12 of such parts Art. 62.

= 8 of such parts. Art. 62.

But tV=^ °^ ^"''^ P^^''^ ' ^^'^- ^2-

• 2 nt *= "

Hence we derive the Eule for what is called Multipu-
OATiON OF Fractions.

We extend the meaning of the sign x , and define

fx I (which according to our definition in Art. 21 would
have no meaning) to mean § of f , and we conclude

that I X I = 1^1 which in words gives us this rule :

** Talce tlie prodvct of the numerators to form the Nume-
rator of the resulting fraction, and tlie product of the de-

nominators to form the Denominator.''

The same rule holds good for the multiplication of

three or moi'e fractions

Before effecting the Multiplication, common factors

should be removed from the Numerator and Denomina-
tor. It will be well for the learner to be famihar with
the principles laid down in Art. 38.

For example, to find the value of || of || of ^|. we
proceed thus

:

95 Ol or "^ ?7— 25x51x49
2x7x5x7x17

5x5x3x17x7x7

and removing common factors li-om numerator and
denominator,

_2_
6x3

2_
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Examples (xxxii).

Reduce to their simplest form

(1)



1

GO FRACTIONS.

Examples, (xxxiii)

Divide

(1) n by ? (2) U by

(8) ^VVbyfi (4) AVby^V
(5) ifAbyifl (6) AVby/A

74. Having now established the elementary rules for

operations performed with fractions, we proceed to

notice some other points belonging to this branch of

Arithmetic.

75. A whole number, or integer, can be wi-itten as a

fraction, by putting 1 beneath the number as a denomi-

nator: thus 6 may be written as a fraction, thus ^.

Also, since ^ = i^ = i^f ^ ^^ and so on, it is clear

that we can represent a whole number by a fraction,

whose denominator is any whole number we please to

select.

76. A Mixed Number is a number made up of an

integer and a fraction, as 4|-, This may be read thus,

four and two-sevenths, and must be regarded as the sum
of 4 and f.

A mixed number can be brought into the form of an
improper fraction, by multiplying the integer by the

denominator of the fraction, adding to the product the

numerator of the fraction, and making the sum the

numerator of a fraction, of which the denominator is

the denominator of the original fraction.

Thus 42 = 3^0

For 4f = 4 + 2 == 2^s +f = \o.

Conversely, an improper fraction can be reduced to a

mixed number, by dividing the numerator by the de-

nominator, setting down the quotient as the integral

part, and making the remaincter the numerator of the

fractional part of the mixed number, the denominator

being the denominator of the original fraction.

Thus 2^« =^ a*
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For 2S 21+4 — «J+4 — 34-1— ,^i.

Examples- (xxxiv)

Convert into improper fractions

(1) 7| (2) 23^f (3) 21G|3 (4) 173^^^

and into mixed numbers

(5) W (6) \U^ (V Wt' (8) -r¥^

77. The rules for the Addition, Subtraction, ]\Iulti-

plication, and Division of Fractions are applicable to

Improper Fractions.

TlniQ 7_1_13 35_1_2G 61 q 1

e 13 108 S5 43
Z T2 ^<T ^TT — ¥75"
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and, similarly, when three or more numbers are to be
added, we may separate the fractions iVom the integers,

and make a distinct operation for each class.

In Subtraction we can employ the same method, but
a little care is necessary. Suppose we have to take

3^ from 4|

Reducing the fractional parts of the numbers to equi-

valent fi-actions with a common denominator, we have

3|f and 4^1

We can now take the integral part of the first num-
ber fi'om the integral i)art of the second, and the frac-

tional part of the first from the fi-actional part of the

second, and we have
AH _9ia — 1 3
*tT ^UT— -'2T-

But suppose we have to take S^ from 10|

Since 5==|5and|=.y

f is greater than |

and we cannot take away the fractional part of 3|f from the
fractional pai't of 10|-|.

We escape from the cliflBciilty by the device of adding unity

to each expression, to of^ in the form of 1, and to 10^ in

the form of -gf.

Thus 10^4-3|| = 10||-4||^6||.

Take another illustration of a practical nature.

From 5^d. take away 3fd.

We add four farthings, i.e., |- of a penny, to the for-

mer sum, and 1 penny to the latter, and reason thus

:

5id. - Bid.= 5|d. - 4-id. = IJd. = l|d.

Examples- (xxxv

Simplify the following fractions :

(1) 4f-^3^ (2) 8f-6-^ (3) 104|-53tV
(4) 6|x9| (5) 14x3/-!- (6) VrXl9^
(7) 2H-3i (8) 55 + 6t-V + 1tV
(9) lG|+ 4* + 17J-| (10) 43-2^

(11) U^-5i (12) 6-^-5/^
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The following examples should be carefully noticed.

I. From 17 take 4-A-.

17-4.A=16 + 1 — 4^^ := 16 — 4 + 1 — ifi.

— 12 4- M=12it.
II. Fi'om C17 take ^j.

317 — -A- = 316 + 1 - -A = 316 + U = 316H.

III. Multiply ^^,% by 397.

Since xuoo — ^ — tdoo

397 X .%%%= 397 - tWo- = 396 + 1 - ,Wd
= 396 + A%\ = 396t-?,V.

79. A Compound Fraction is defined to be the frac

tion of a fraction.

Thus I of f , and f of 2^ of 5|^ are compound fractions

They are reduced to simple fractions by the process

of Multiplication.

inus :^01 Z^ 01 Oy- t X 4 X 7 -4X4X 7-TTir-^TT2'

80. A Complex Fraction is one, of which the Nume-
rator or Denominator is itself a fraction or mixed
number.

i 2 4f
Tims -^ — and -p-j- are complex fractions.

Tl:ey are reduced to simple fractions by the process

of Division.

Thus ^=.-|^7 = a_^i=-|x|=A
2

and y = 2 -=-
e = f X i = Y = 3^.

•)

Examples, (xxxvi).

Simplify the following fractious :

(1) iof5honh, (2) 4^^ of 111: of 13.

(3) ^-Of2i-of2fof90. (4)
I

(o) -^

14 80.i 16f
(6) jz (7) iT (8) '^^
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The Highest Common Factor and the Least Common
Multiple of Fractions.

81. The H.C.F. or L.C.M. of fractions can be readily

found by considering that the denominator is simply the

name of so many units represented by the numerator.
No difficulty is ever exj^erienced in finding the H. C. F.

or L. C. M. of $12 or §16, or of 12 apples and 16

apples. In fractions the name is written under the

number representing the collection of units of that

name.

Thus to find the H. C. F. of .'r4 and ^f, proceed as in

whole numbers ; find the H. C. F. of 12 and 16, which
is 4, and call it by its name, which in this case is thirty-

sixths. Hence the H. C. F. is ^\.

Similarly to find the L. C. M. of if and ^§, find the

L. C. M. of 12 and 16, which is 48, and call it by its

proper name. Hence the L. C. M. is |^f. Hence to

find the H. C. F. of fractions we have the following

rule :

Change them to others having the same naine or denomi-

inator, and jind the H. C. F. of their numerators. This

placed over the common denominator will be the H. C. F. oj

thefractions.

To find the L. C. M. of fractions : Change them to

others having a common denominator, and find the L. C. M.
of the numerators. I'Jiis placed over the common denomina-

tor will be the L. C. M. of the fractions.

The following is somewhat shorter : Find the L. C. M.
of the numerators, and uiuler this place the II. C. F. of the

denominators of the fractions. The resulti)ig fraction icilL

be the L. C. M. required.

,
Examples (xxxvii).

Find the h. c. f. of the following fractions :

(1) I and |. (2) U and rA-
(3) i 3^ Ai and 5f.

(4) I I If 44 and 5^.
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Find the l. o. m. of the following fractions

:

(5) f and I (6) 2^ and 7^

(7) 4| 5|and3i»j

(8) ^ of 2i of -^ and ? of^ of 2J

O.V r^^ USE OF BRACKETS.

82. "When an expression is inclosed in a bracket
( ),

it is intended to show that the whole of the expression

is affected by some symbol, which precedes or follows

the bracket.

Thus 24 X (3i+ 7^) means, that 24 times the sum of the
numbers 3^ and 7 4 is to be taken, which we may effect by
combining 3^ and 7^ by addition, and multiplying the result

by 24.

Again, 2-^ -5-(4f — 2i) signifies, that 2^ is to be divided by
the difference between 45 and 2h ; and therefore the result

will be

25 ^ 2J or V -I or y X I or If
And, generally, we may say, that when numbers are

included in a bracket, the expression, within the

bracket, must be brought into the simplest form, before

combining it with expressions, not in the bracket.

83. The methods of denoting a bracket are various

;

thus, the marks [ ] and
| } are often employed.

Brackets are made to inclose one another, as in the ex-

pression

3H-[2+3--{4+5-^(2+i)}]

In removing such brackets it is best to commence
with the innermost, and to remove the brackets one by
one, thus

3-^[2+3-^-|4+5--(2+;V)}]

=3-=-L2+3--i4+5-f}]

=3-- [2+3^1 4+ V"'}]

=3--[2+3-V,
=3-[2-fH]
=3-W=H^
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We have worked out this example at length because

it v.'iU teach the learner how to simplify with neatness

a peculiar class of fractions called Continued Fractions,

which appear in a form like the following :

1

1

4 +
1-i

This fraction, by the aid of brackets, may be repre-

sented thus,

l-I4+ l-{l-l-(2-/,)}].
and then we can simplify it by the gradual removal of

the brackets, the final result being -J^.

84. There is another method of simplifying Complex
and Continued Fractions, which we may exj^lain by the

following examples

:

Ex. (1) To simphfy -1-.

Multiply all the terms of the fraction by 7, and it becomes

— or14+3 ""• TT-

Ex. (2) To simplify ™L»..

Multiply the terms by 30, and we get

2 oo
15 + 9 °^" T3TT'

2 3

Ex. (3) To simplify -^-^.

Multiply all the terms by 42, and we get

15
"'

Ex. (4) To simplify

3 +

3 8 195 195

4 3 + H 195 + 28 2 -'3

3 + oXi
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1

^x. (0) To simplify

1 +
14

'

1 + i

1

1 + 1—

Examples (xxxviii).

Simplify the following fractious

:

6 7
^^' rn ^^^ 19^

(4) TT—T (5)
11 — 12

2

5 +

A
1^0

(d)

9 ^ i

5

4-s '
i + .i.

(6)
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(•2j I + 1 of (1 - ,%).

Fiist tike the differouca of | and ^*j, luullipl}- the ro:-alt

by ?, and add the product to |.

(3) 1X1 -H?.

Fh-st shnphfy | X j, the resuH being 5.

Tlieii divide /« by ?, the result beiug i"s Xg or |;.

(4) l^tX',.
First simphfy I — I, the residt boing i XI, or |.

Tlieu uiuhiply f by 5. the result being f.

Examples, (xxxix).

Simplify the following expressions :

(1) 3|-(2^ +lf) (2) (4i\ + 2|)-V35i
2 1

7 + i ^ + l-fi

3

(5) , .J_ (Gj l+tofvW^
4-^-r-o

(7) |of| + 2^| (8) (^^-^f)of7/j-l|

(9) li-/i)('^^+3|) (10) (^3^_^,)^(/, + ,|,

^^ ^T-i)x(4-3?) ^'^'
, 2§-(i+i)

86. We shall CDnclude this Chapter v.'ith a Bit of

Miscellaneous Examples on Fractious.

Examples, (xl).

(1) Add together

(2) Add

1 7 '5 8 ;3; ] .1

3:? 15 4? ^S^ 5 5

I of I to 2 of 2^

and multiply the result by

(§off)-(H-|)
(3) Subtract

2 of f from 1^ of I

and divide the result by
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(4) Simplify the fractions ||| V^V/ and find their

product.

(5) Divide the product of 3| and 3^ by the produ

of 14 and l^f

.

(6) Multiply together the fractions of 4^ 2| and add
the result to 4^ + 3^.

(7) Multiply the difference between f j and fgj by
the sum of ly'j and 1 f ; and multiply the result by the

difference between 10^ and 6|.

(8) Simplify

20}

(9) Simplify

l3f+ 5^-J,)(4i-3i)
divided by

(10) Simplify

(^+^) (4^1

)

(11) Simplify

divided by

("^ ff
~ TT ~ (^5^ — re ~ 5 ? *

(12) Simplify

2
r:^:^and(^ofiv',)-3y

(13) Simplify

A..

—•- and
1 1

2 - ^ 1
4 +

1
2 -
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(14) Simplify

10|-lf -^3 ,„ ,
1|

'15) Simplify

»^ ^T+-'g ^5 and 121x37797

'

.J) Simplify

1 1

5-531 6+(r~^
X 59,, of 7 aud » "T^ +10|

3-—!- 4- —

-

3-i 4-i
.7) Simplify

8|- 7^ + 51-41.

13_ll_9_+ iy7._.j,7
X Ti-OldOO.

:8) Simplify

^x5UxG,^+61^xlf^^2,^, + li o

9A«xl|i-5i^+3^xG^f-72|"^^^^
'. y) Simjjlify

V^of 61^of 24H-4;|x3ii§-^3^4
^x5i4^4i|-7J«x5H^14|i'^^^

(JO) Simplify

19
"

A"""
X TTTTST
7 7 3.5_ ^L_ 1 3 _ 4 7\

7x.3
3 -If

21) Simplif^r

1

-) ^ ^TiT • {''2 3^)



EXAMINATION PAPERS. 71

(23) Simplify

2 8

3 1^1 ^2

Examination Paper'

I.

(1) Explain how to reduce a mixed number to an im-

pi'oper fraction and show the reason for each step.

(2) Bought 18| yards of silk at |2|- a yard, and 27^ lbs. of

cheese at ^-/o per lb. ; how mucli money did I spend ?

(3) How many tunes does the sum of 12 i and 8| contain

their difference ?

(4) B who owns i^ of a ship, sells f of his share for $3600;

what is tlie ship wortli ?

(5) There are two numbers wliose sum is 4^ and whose
difference is 21 ; find the numbers.

II.

(1) Wliat is meant by expressing one number as the frac-

tion of another ? Explain how to express 3 j as the fraction

ofOi.

(2) How may the relative magnitude of two or more frac-

tions be compai-ed ? Arrange tlie fractions fsi ^hi iij If » i^^

the order of magnitude.

(3) Add togetlier ^r, -V, and yf s^ ^I'i^l find what is the

least fraction with denominator 1000, whicli must be added
in order that the sum may be greater than unity.

2 + 5

(4) Show that the value of -^^ lies hetween j and \.

(5) A ship and lier cargo are valued at S60,000, and f of

the value of tlie ship is ft(pial to \ of the value of the cargo ;

find the value of each.

III.

(1) Define Numerator and Denominator, and explain why
they are appropriately applied to the terms of a fraction.

(2) If ^ off of 2^ bbls. of flour is worth S7^, what is the

value of 2-.-1- bbls. ?

(3) If any number of fractions be equal, then any of them
is equal to the fraction whose numerator is equal to the sum
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of all tlie niimerators, and whose denominator is equal to the

sum of all the denominators. Exemplify this in tlie case of

six equal fractions.

(4) Add to£;etlie;' +, ^, ,j, and i, and suhtract tiie sum
from 2 ; multiply tiie difference by 5- of JJ of ^8, and find

what fraction the product is of 999.
I

(5) A's age is -^^ of B's, and 13's is j- of C's, and C 12 years

ago was 72 ; what are their respective ages ?

IV,

(1) Befox'e adding fractions together, why is it necessary

to change them to others having the same denominator ?

(2) What number nmst be taken from 17^- so thq,t it may
contain 3f an exact number of tunes ?

(3) There is a number which divided by 8,V, and the

quotient increased by 2^ and the sum multiplied by -^, and

the result duninished by i of | of 14 g^ gives 25. Find the

number.

(4) A bought a horse and carriage for $225, and paid for

2i
the harness j-^ of what he paid lor the horse. The cai'riage

cost I of the value of the horse. What was the price of

eacli ?

(5) Divide $8888 among A, B, and C, so that A may re-

ceive $88 less than 3 times B's shai'e and C $176 more than
one half of A and B's shares.

(1) Explain each step in the jirocess of reducing a complex
fraction to a simple one.

(2) Shnphfy 3^ x 3^ X 3^-1 divided by 3| X 3^-1.

(3) What is the smallest sum of money with which A can
pui'chase sheep at $4^ each, calves at $5|^ eacli, or pigs at

|2|-each; and how many of each can be bought with this

sum?
(4) John spent $80 less than § of liis money at one time,

and at another $40 more than f of the remainder and now
has $40 left. How much had he at first ?

(5) One fourth of -^ oi the length of a pole is in the mud ;

two-thirds of the remainder is in the water and there are 5|
feet in the ah ; what is tlie length of the pole ?
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YI.

(1) Sliow that I -r- f = I X f

(2) Find three fractions wliose mimerators sliall be 3, 5,

7, respectively, anil their sum equal to unity.

(3) Irom the sum of 3^ and 4^ subtract 6f, multiply the

difference by 21, and divide the product by 4}.

(4) A sold a watch for ^ more t'han it cost him to E, who
-old it to C for $36, whicli was | less than it cost him.

WHiat did the watch cost A ?

(5) There are tliree rooms 211, 18|, and 17^ feet long
respectively. Find the longest plain ruler with which the

three rooms can be measured.

VII.

(1) Give a definition of multiplication that will apply to

fractions.

(2) A person dies worth $40000, and leaves -^ of his

property to his wife, ^ to his son, and the rest to liis daugh-
ter. The wife at her death leaves f of her legacy to the

son and the rest to the daughter ; but the son adds his for-

tune to his sister's and gives her ^ of the whole. How
much will the sister gain by this ? and what fi'action will

her gain be of the whole ?

(3) One half of a population can read
; f^ of the remain-

der can read and write ; -^/r, of the remainder can read, write

and ciplier, wlule the rest, 243600, can neither read, write

nor cipher ; what is the population.

(4) Three men, A, B, C, run round a cii-cle in 5, 6, and
7g minutes, respectively. If they start from the same
point at the same time and run in the same direction, how
long will they run befoi'e they are all together again ? and
how often will each have gone round it ?

(5) A. owned g of a sliip, and sold | of his share to B, who
sold ^ of what ho bought to C, who sold -^^f of what he
bought to D ; what part of the whole ship did each now
own?

VIII.

(1) Wliat are the advantages in arithmetical operations of
employing fractions expressed b}' the smallest number
possible ? State how fractions expressed by large numbers
may be reduced to equivalent fractions expressed bj' smaller
nambers. Is this always pOi'siblu ?
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(2) Is /i more nearly equal to i or to 3^ - 2§?- + ^ of 2s--

If and by liow inucli ?

(3) Of the sovereigns who have reigned in England since

the Norman conquest, there are -^tli of one name, |ths of

another, -^^t of another, ^ of each of two otliers, and tS' o^

each of three others, and there are 5 besides ; fiud how
many sovereigns have reigned in England since tlie con-

quest.

(4) Three horses start from the same point, and at the

same time, upon a race course 300 rods in circuit ; the first

horse passing over ^ the circuit, the second f , the third ^, in

a minute. In how many minutes will they all be together

again, and how far will each have travelled ?

(5) Divide the difference of 13^ -^ {(2f-2-ft) x If} and
13L ^ (2f -2A) X 1^ by 13^ -- 2^-2^- X If.

XII.—Decimal Fractions.

87. The multiples of 10 are 10, 20, 30. 40, 50, and
so ou. (Art. 39.)

The Powers of 10 are 10, 100, 1000, 10000, and so

on, and these are called the first, second, third, fourth

powers of 10. (Art. 27)

.

88. A. Fraction, which has for its denominator one

of the Powers of 10, is called a Decijial Fraction, or

for shortness sake, a DEciiiAL. All other fractions are,

by way of distinction, called Vulgar Fractions.

89. To save the trouble of writing the denominators

of decimal fractious, a method of notation is used, by
which we can express the value of the denominator in

every case.

This method will be best explained by the following

examples :

•8 stands for i^u, and is read thus, three-tenths.

•25 stands for -i\^, and is read thus, twenty-five hundreths.

•347 stands for -iWtT) and is read thus, three-hundred and

forty-seven thousandths.

The figures which follow the Point • are those which
form the Xumerator of the fraction in each case.
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The number of the figures, which follow the Poiut,

corresponds to the number denoting the particular

Power of 10, which forms the Denominator of the frac-

tion in each case.

Now, as the first power of 10 is 1 followed by one
zero, and the second power of 10 is 1 followed by two
zeros, and the third power of 10 is 1 followed by three

zeros, and so on, we can in every case write the denomi-
nator, by affixing to'l a number of zeros, equal to the

number of figures that follow the Point.

Thus, -426789 stands for -fVoVo^V
six zeros being affixed to the 1, because the number of

figures that follow the Poiut is in this case six.

Again,
•07 stands for -^
•005 stands for -nrcfT

•00025 stands for ^,^,U^
the zeros, which come between the Point and the fig-

ures 7, 6, and 25, not being set down in the numerators
of -the fraction, as having no effect on the value of the

numerators, seeing that 07 and 7 stand for the same
number, and that 005 and 5 stand for the same number.

But these zeros affect the value of the denominators,

as for instance

.7 = tV whUe -07 = yi^ and .007 = -^ oVxy

90. Zeros affixed to a decimal have no effect on its

value : that is,

•7, -70, ^700 are all equal

:

for -7 = ^^
.70— 70 _ 7

.700— 7 0O__:7O _!!7

91, The method of representing Decimal Fractions

is merely an extension of the method, by which Integers

are represented, as will be seen from the following con-

siderations.

As the local value of each digit increases tenfoia, as

we advance from right to left, so does the local value
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of each JecieabC iu the same j)roportion as we advance

from left to liglit.

If, tlieu, we afiix a line of digits to tne ngnt of the

units' place, each one of these having from its position

a value one-tunth part of the value, which it would
have if it were one place farther to the left, we shall

have on the right hand of the units' place a series of

fractions, of which the denominators are successively 10,

100, 1000, while the numerators may be any
numbers between 9 and zero

Thus 246-4789

= 2 X 100 + 4 X 10 + 6 +j% + jI^ + tAu + TTTWff

92. A number, made up of an integer and a decimal,

as 4 5, may be expressed in a fractional form, by writ-

ing as the Numerator all the figures in the number, and
as the Denominator 1 followed by as many zeros aa

there are figures after the puint.

Thus, 4-5 = If

for 4-5 = 4 + -V =n+ -iV = II
Agaui 14-075 = ^^^J^

for 1 4-n75— 14 -I-
-J i- - - Xi U Q _i _-Xi^—iliLii

Examples, (xli).

Express, by means of fraction-symbols iu their lowest

terms,

(1) -5 (2) -25 (3) -75 (4) -375

(5) -00243 (6) -0000725 (7) 14-8 (8) 104.235

(9) 50-0004 (10) 100-001

Express in the abreviated form

(11) A
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The number denoting tlie order we call the Index of

the order : thus 1 is the index of the first order, 2 of

the second order, and so on.

94. From what is stated in Art. 90 we learn that a

decimal of any order may be made into an equivalent

decimal of a higher order, by affixing one, two, three

zeros according as the index of the higher exceeds the

index of the lower by 1, 2, 3.

Thus '43 may be made into an equivalent decimal of the

fifth order, by affixing three zeros, thus, '43000,

and '047 may be made into an equivalent decimal of the

teventh order, by affixing /ottr zeros, thus, '0470000.

ADDITION OF DECIMAL FRACTIONS.

95. To add -27 to '45 we might ]Droceed thus,

•97= 2 7 ,^' T1T7T

•45_ 4 5 .

• •274--45= 2 7 I 4 8 75 — -70

But we obtain the same result, if we set down the
decimals one under another, Point under Point, add
the figures as if they stood for whole numbers, and
place the Point in the result under the other Points,

thus,
•27

•45

•72

96. If the decimals to be added be not of the same
order, as for instance -37 and •049, we reason thus :

•049 18 a decimal of the third order,

•37 la a decimal of the second order, but it can be
made into an equivalent decimal of the third order, by affix-

ing a cipher, thus, •370.

Then we proceed to add the decimals thus

;

•370

•049

•419
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Now suppose we have to add more than two decimal
expressions, as '0074, "72, '05, and '123456.

Of these four expressions the last is of the sixth order,

and we may make the other three into equivalent deci-

malB of the sixth order, and set them down thus :

•007400
•720000
•050000
•123456

•900856

Wht-n the learner is thoroughly acquainted with the
principle, on which this process of addition depends, he
may omit the affixed zeros, since they have no effect on
the result, and may write the sum just worked out in

the loilowing way

:

•0074
•72

•05

•123456

•900856

If the numbers to be added be made up of integers

combined with decimals, we keep the Points in a verti-

cal line, and proceed as in addition of integers.

Thus to add 4-27, 15^004, -9007, and 23, we proceed thue:
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(6) 49-327, -453, 8317-05, 341-875, 32-4962. v

(7) 700-372, 894-0009, -347, -00032, 5370-OOG.

(8) 560-379, -45687, 350-0030, 7-074, 52-257.

SUBTRACTION OF DECIMAL FRACTIONS.

07. If we liave to find the difference between '47

and '35, -wliere both decimals are of the same order, aaid

•47 is the larger of the two, we proceed thus

:

From -47

Take -35

Eesult -12

performing an operation like that of Subtraction of In-

tegers, and keeping the Points in a vertical hne.

That this method gives the correct result is evident, for

•47 '^ST 47 SS _ 12 .10

98. If we have to find the difference between '888

and "9, we maj' make the latter into a decimal of the

third order, thus, "900, and siace this is larger than
•888, we proceed thus :

From -900

Take -888

Eesult -012

If we have to find the difference between '998, and 1,

we observe that 1, being an integer, must be gi-eater

than -998, which is a Proper Fraction, i. e. -j^V^' *^^
we proceed thus :

From 1-000

Tako -993

Eesult ^002

Examples, (xliii)

Find the difference between

(1) 60-429 and 5-218. (2) 9.005 and 7-462.

(3) 53-316 and 6-0867. (4) -799 and •S.

(6) 6-047 and 5-98G3. (6) 850-007 and 2708796.

(7) -0000086 and -00001. (8) •00537 and -000985.

(9) 10 .and -0002. (10) ^09999 aud-101.
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MULTIPLCATION OF DECIMALS.

99. In finding the product of '12 and •!!, we might
proceed thus,

•12 X •ll= x^nF ^ Tw = rbo y 100
"^ T^irfftT = "0132,

the result being a decimal of the fourth order.

Again if we have to find the product of 4*32 and
•00012,

4-32 X -00012 =t^ Xx,,4|^=: T-,,UI47nr = -0005184,

the result being a decimal of the seve^dh order.

And, generally, the product of any two decimal ex-

pressions is a decimal expression of an order, whose
index is the sum of the indices of the orders of the two
expressions.

Hence we deduce the following rule for Multiphcation

of Decimals :

Multiply as in the case of integers, and mark off in the

product a numher of decimal places equal to the sum of

the number of decimal places in the two factors.

For esamnle, to multiply 2-4327 by 4'23.

2-4327
4-23

72981
48654
97308

10-290321

Lgain, to multiply 43-672 by -00000047.

43-672

•00000047

305704
174688

2052584

We have now to mark off eleven decimal places from

this product, and as the product contains only seven

figures, we must prefix four zeros, and put the Poin^-. on
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the left of these, thus -00002002584 aud this will be

the required product.

One more case must be considered.

Suppose we have to multiply •235 by "48

;

•235

•43

18S0
940

•11-280

This decimal of the Jifth order is equivalent to a deci-

mal oi the fourth order •1128 (Art. 90), and this is the

simplest form of the result.

Examples, (xliv).

Multiply

(1) 7-5 by 4-1. (2) 3-62 by 5-23. (3j ^427 by •235.

(4) -562 by -00074. (5) 8-00704 by 4.0205.

(6) -0009 by 1000. (7) 623-4075 by 24-0259.

^8) -00740 by -00(i2''.5. (9) 14:^2-6749 by -00004030705.

(10) 50704-042 by -004007090061.

Find the value of the following

:

(11) -407 X 4-03 X -006.

(12) 1-01 X 1000 X -001.

(13) -52 X .007 X 4-3 X -02.

Find the continued product of

(14) -07, 4-6, -009 and 52-47.

(15) 42-0, -795, 4-03 ami -00074.

(16) Wbat is the cube of 2-74 ?

I
(17) liaise 3-5 to the fourth power.

DIVISIOX OF DECIMALS.

100. If we have to divide -27 by 8, we might proceed
thus,

•27^3 = nVo--^3= r2u = -09.

Again, if we have to divide -00G25 by 25, we might
proceed thus,

•00625 -- 25 = ttS 0"U -^ 25 = j,,^^ = -00025.



82 DIVISION OF DECIMALS.

In both cases the Quotient is a decimal of the same
order as the Dividend.

Hence we derive the following Rule :

If the Divisor be an integer, 2'>srform the operation oj

Division as if the Dividend were also an integer, and
mark off in the Quotient as many decimal places as there

are Decimal places in the Dividend.

For example, suppose we have to divide -0080751 b)

243.

243) -0086751 (357
729.

1385
1215

1701
1701

The Quotient is to be a decimal of the eighth order,

.-. the result is -00000357.

101. Next observe that, if the Divisor be a decimal ex-

pression, we can in every case change it into an Integer,

by a process which we shall now explain.

If we multiply a decimal expression

by 10, the effect is to move the Point one place to the right,

by 100, the effect is to move the Point two places to the right,

by lUOOO, the effect is to move the Point three places to the

right,

and so on.

For instance, 123-456x10 = 1234-56,

and 123-456x100 = 12345.6.

The reason is obvious,

for 123-456 X 10 = i|f^X 10=^^^^^=1234-56,

and 123-456 X 100 = ^HH^ x 100=^|^ = 12345-6.

Hence we can trainsform any Di\d3or into an Integer,

by multiplying it by 10, 100, 1000, .... according as

the Divisor is a decimal of the first, second, thii'd ....
order
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For example, if the Divisor be -000492, and we mnl-

tiply it by 1000000, we transform it into the Integer

492.

Now we may multiply a Divisor by any number, if we
multiply the Dividend by the same number.

For instance, if the Divisor be 8 and the Dividend 32,

we may multiply each by 10,

so that the Divisor becomes 80, and the Dividend 820

;

and whether we divide 82 by 8, or 320 by 80, the Quo-

tient will be the same number, that is, 4.

102. We can now lay down a general Rule for Divi-

sion of Decimals.

If tlie Divisor he a decimal, change it into an Integer hy

removin/f the Point a sufficient number of places to tJie

right, and also remove the Point m the Dividend the same
number of places to the right. Divide as in the case oj

integers. Ihen, ij the dividend he an integer, tlie quotient

will he an integer, and if the dividend be a decimal, tJie

quotient will be a decimal of the same order.

The process will be better understood from the fol-

lowing examples.

Ex. (1). Divide -626 by -025.

•626 -s- '025 = -6 2.
"5 — IB2/5 iAA

26) 625 (25

60

125

125

Here the Quotient is an Integer, because the Dividend
is an Integer;

.*. the Quotient required is 25.
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Ex. (2). Divide 108-997 by 2-3.

108997 1089 97 „1089*97
108-997 -^ 2-3 =

23)1089-97(4739
92

169
161

69

207
207

Here the Quotient is a decimal of the second order,

because the Dividend is a decimal of the second order ;

.-. the Quotient required is 47-39.

Ex. (3). Divide -625 by -00025.

ozo -^ uuuzo— .^-5-0-5-5 — t)002ft- ~ as

25 ) 62500 ( 2500
50

125
125

00

Here the Quotient is an Integer, because the Dividend

is an Integer ;

.*. the Quotient required is 2600.

Ex. (4). Divide -00169 by 1-3.

•00169 -T- 1-3= •00 169 00 169 '0169
1-3 13-

13) -0169(13
13

89
89
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Here the Quotient is a decimal of the fourth order,

because the Di^""clend is a decimal of the fourth order ;

.•, the Quotient is "COlS.

Ex. (5V Divide 625 oy -25.

625 -- -25 = ^^ := ^-^ - ^^:^

25)62500(2500
50

125
125

00

Here the Quotient is an Integer, because the Dividend

is an Integer.

.-. fr25 -^ -25 = 2500.

These are cases of exact division, that is, when, on the

process of division being carried out, there is no remain-

der.

Examples, (xlv).

Divide

•
(1) 1-296 by -108. (2)

(3) -00169 by 1-3. (4)

(5) 15633-0002 by 362-9 (6)

(7) -03096 by -000072. (8)

(9) -0000615228 by 307. (10)

(11) -24294591 by 36-9. (12)

(13) -26986305 by 35U0. (14j

(15) -00131053 by -0065. (16)

(17) -83U670 by -000231. (18)

(19) 1-0191 by -00079. (20)

(21; 241-16047 by -527. (22)

(23)

17-28 by -0012.

2921 by -23.

1 by -0001.

-7644 by -0052.

746-44808 by 7-58.

63987-42 by -000073.

26986-14 by -00009.

617325 by -00025.

•00019517 by 673.

2078-61 by 579.

-65220834 bv -00854.

4700460-66583 by -00518903.
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103. We next take the foUowing example

:

Divide 347 by -64.

Here 347 -=- -64 = -?|f = "^i^^ = ^-^
and we proceed thus :

64 ) 34700 ( 542
320

270
256

140
128

12

We have then the Quotient 542, and Eemaintler 12.

If we wish to carry on the division further, we may
do so, by placing a decimal point at the end of the Div-

idend, and affixing as many zeros as we please, observ-

ing that all the figures, which will come after those

aii'eady in the Quotient, will be decimals.

The operation, comx)leted from the outset, will Stan

thus,
64 134700-0000 (542 1875

320

270
256

140
128

120

_64_ i

560
512

480
448

820
320
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Examples- (xlvi)

Divide

(1) 7-45 by -32. (2) 14-327 by 12-8.

(3) 43-26 by 12-5. (4) 74;V2-.976 by -225.

(5) 1-2 by 625. (6; -217 by 1250.

104. The student is now to observe that, by employ-

ing Short Division, the example just worked out may
be put in a very concise form. Tlius taking up the

work at the point where we have to divide 34700 by 64,

we proceed thus :

8
i

34700-0

8 4337-5000

542-1875 Quotient.

So also, if we have to divide 48672-509 by 36, we
proceed thus

:

4
I

43672-50900

9
I
10918-127.^5

1213-12525 Quotient.

Again, to divide •0000013-032 by 32, we proceed
thus

4 I
-0000013932

8 -0000003483000

•0000000435375 Quotient.

Note.—Division by 10, 100, 1000 ... is effected by
moving the decimal place in the Dividend one, two,
three . . . places to the left.

Thus 24-6 -^ 10 = 2-46.

•47 -i- 100 = -0047.

Examples- (xlvii)

Employ Short Division in finding the Quotient when
we divide

(1) 426-478 by 16. (2) '07849782 by 72.

(3) 362-47 by -025. (4) -00007263 by 4-5.

(6) 42-007437 by -24. (6) -00463 by 50.

(7) 2-4715 by -000016. (8) 9000 by -00036.

(9) -001 by 100. (lU) -OOlOOiOOl by 2000.

N.B.—The process of Division, may often be shortened
by multiplying the Dividend and Divisor by a number
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which wiU transform the Divisor into a power or a mtJ-
fciple of 10: thus, if we have to divide 24-40927151 by
12*6, we mxiltiply both by 8.

Then ^-i^^^fli^ = L^^AllAAll^ ^ 1-9575417208.

105. In the examples hitherto given the cases are all

those of exact division.

In all cases we may proceed with the division, till

there is no remainder, or tiU certain figm-es in the Quo-
tient recur again and again in the same order.

We shall give an example of this recurrence of figures

in Art. 106, but first we must observe that we often

require to find the Quotient up to a certain place of
decimals.

For example, suppose we have to find the Quotient

arising from the division of 247 by 37, to four places of

decimals.

247^-37 =^ = W
37 ) '247-0000 ( 6-6766

222

250

^22

280
259

210
185

250
222

Hence the Quotient, correct to four places of deci-

mals, is 6-6756.

Examples, (xlviii)

Find the Quotient to three places of decimals when
we divide

(1) 42-5 by -0023. (2) -197 by -79.

(3) 87-9 by 409. . (4) 27100 by -00313.

(6) -0269 by '281. (6/ 229 by -007.
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106. If "^e continue the division further in the Exam-
ple given in Art. 105, we find the figures 766 coming
again and again in the same order in the Quotient, so

that the Quotient is 6-6756756756 . . . without any ter-

mination.

Let us now take this example.

Divide 90 by -0011.

Here 90.-^ -0011 = .^o^- = 9-«;o<>-»

11)^0000
~8i8i8

Up to this point the Quotient is an Integer : but, if

we proceed further with the division, we shall obtain a

decimal expression : thus, if we affix two more zeros,

preceded by a decimal point, to the dividend, we shall

have
11)900000-00

8f81818

If we carry on the division to any extent we shall

have the two figures 18 coming again and again in the

same order. A decimal of this kind is called Perwdic,
Circulating, or Recurring,

107. The extent of the Period is denoted, by placing

a dot over the Jirst, and another dot over the last of the

figures in it.

Thus -is denotes a decimal of an order such that it

can be represented by no finite index, since it runs on
•18181818 ... to an infinite number of figm-es.

So also, 6-756 stands for 6-756750756 .. ,.

•047 stands for -047047047

•4372 stands for -4372372372

260479 stands for 26-04797979

•00026 stands for -000266666

108. A Vulgar Fraction may be converted into a

Decimal Fraction by the following process

Eeduce the fraction to its lowest terms, and then find

the Quotient resulting from the division of the numera-
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tor by tile deuomiuator, by the rule for division of deci-

mals.

Tlius to reduce ^ to a decimal, we proceed thus

:

8 ) 3-000

•375

.-. i = -875

. Again to reduce 4^ to a decimal, we proceed thus :

82) 47-00000 (1-46875.

32

150
128

220
192

280
256

240
224

160
160

.-. 11 = 1-46S75

Or we rriglit work by Short Divlsi&» thus

;

4
I

47-00

8 11-75

1-46875

Again, to reduce
-f

to a decimal, wc [t.^p^ed thus •

7 I 1-00000000

-14285714

.-.4-= -142857.

109. To sliew that, when a Vulgar Fraction is reduced

to a decimal, either the operation musi- terminate or the

tigures of the Quotient must recur in the same order.

Consider the operation by which su*t a fraciion as
-f

is reduced to a decimal. The only remainders that cau
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occur are 0, 1, 2, 3, 4, 5, 6. If the remainder should
occur, the division terminates : if not, we can only have
six diflferent remainders, and when any of these occurs

a second time, we must have a recurrence of the former
remainders in the same order.

When a fraction in its lowest terms is reduced to a
decimal and produces a recurring decimal, the extreme

limit of the number of places in the period of the recur-

ring decimal is one less than the denominator.

Thus 4" produces a recurring decimal of 6 places,

i^a produces a recurring decimal of 18 places.

2^1} produces a recurring decimal of 28 places.

110. When a Vulgar Fraction is in its lowest terms
it can only be expressed as an Exact Decimal when the

denominator is composed of factors each of which is one
of the numbers 2 and 5.

Thus ^ can be expressed as an exact decimal because 8 ^^

2 X 2 X 2.

2^ can be expressed as an exact decimal because 20
= 2X2X5.

-j^rz can be expressed as au exact decimal because 125
= 5 X 5'x 5.

The reason for this is, that no vulgar fraction can be
expressed as an Exact Decimal, unless it can be trans-

formed to one which has 10, or some power of 10, for

its denominator. Now no number can by multiplication

be made a power of 10 unless it be composed of factors

each of which is 2 or 5,

Thus 8 can be made into a power of 10 by multiplying it

by 5 X 5 X 5.

125 can be made into a power of 10 by multiplying it

by 2 X 2 X 2.

40 can be made into a power of 10 by multiplying it

by 5 X 5.

±ience % = o x 2 x 2 = 'j x -ix j x a x 5 x 5 = I'o^s ='oiii

7 X 2 X 2 X 5 r,

TIE'S ~5x6x5 = 5x5x5x2x2x2~ TTJiiTTT

9 9 9X5X5 _ o 2 .'>

TTT— 2X2X10 = 3X2X10X5X5 ~ TO'^ff
"

•OCG

•225
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But sticli numbers as 7, 12, 30, cannot be made into

po^Yel•s of 10 by multiplication, and licncc ^ ^^ ^^ can-

not be reduced to exact decimals.

It may also be remarked that, when a Vulgar Frac-

tion in its lowest terms is reduced to an exact decimal,

the order of that decimal is expressed by the greatest

number of times that either of the factors 2 or 6 occurs

in the denominator.

Examplec. (xlix)

Convert into decunals the follo^dng vulgar fractions :

(1) ^ (^) n (8' f (4) ^V

(5) ^ (C) tV (7) ^ (8) ^
(9) ^if^ (10) CV.

CONTRAGTIOFS IN MULTIPLICATION AND
DIVISION OF DECIMALS.

111. "When the number of decimal places is great

the figures obtained by the ordinary mode of multiplica-

tion are often unnecessarily numerous. Thus, in mul-

tiplying 62-37416 by 2-34i69 by the ordinary method,

there would be ten places of decimals in the product,

while for all practical purposes thi-ee or four are quite

snough.

Ex. Multiply 62-37416 by 2-34169 so as to retain

)nly 4 places of decimals.

ORDINARY METHOD.
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By comfa^ing the con'racted method with tlie onli-

nary mi thod, the reason of the precediug operutiuu will

bo readily understood.

Since the product of any order of units by units is of the

the same order as the figure multiphed, the units figure of

the multipher is -n^-itten under the place to be retained.

For convenience, the other figures are written in an in-

verted order. Now (Ait. 99) 4, a decimal of the third

order multiphed by 3, a decimal of the first order, will

give a decimal of the fourth order ; also, 7, a decimal of

tlie eecond order, multiplied by 4, a decimal of the second

order, will give a decimal of the fourth order, etc., etc.

Now, to the product of 2 and 1, one must be added

:

since, if 6 had not been rejected, there would have been

one to carry ; then the other figiu'es are multiplied in

the usual way. Next, multiply 4 by 3 and set down 2

under the 3, and multiply the other figures by 3 in tho

usual way.

Next, multiply 7 by 4 and to the product add 2

:

since, if 416 had not been rejected the product would

have approximated to 2 thousand, etc.

Hence we have the following rule

:

Write the MullipHcr with (he order of its figures

reversed under the MidtipJicmd, so that the units figurt

viay he under that fifjura of the MidtijAicdnd which is tlie

lowest decimal to be retainied, iyi the Product. Then mul-

tijdj/ bi/ each ficjiire of the Multiplier, neglecting all the

figures of tlie Multiplicand to the right of it, except to fi,)id

what is to be carried, and carrying one more when the re-

jected part of any product is 5 or greater than 5. Arrange

tlie partial products so that their right hcffid figure)/ may
Hand in the same vertical column. ThfAr sum xdll be tht

product required. From this 23rodicct cut off the desired

number of deciitud j)lii'Ces.

112. "Wlicu tho divisor consists of several figures, tho

woik will bo much shortened by cutting off a figure

from the divisor at each successive step of the division,

instead of annexing a figure to the dividend. Cara
m.ust be taken to increase each product by v/hat would



94 CONTRACTIONS OF DECIMALS.

have been caniecT if the figure or figures had not been

cut off.

Ex. (1). Divide 3-784169 by 2-716418 con-ect to

three places of decimals.

2716118 ) 3784169 ( 1393

2716418

1067751
8149-25

252826
244478

8348
8149

199

B}'' comparing the units of the highest order in the

divisor with the units of the same order in tlie dividend,

it is evident that there must be one figure to the left of

the point in the quotient ; hence the answer is 1'393.

Ex. (2). Divide 763-14163 by 21-3642 correct to four

places of decimals.

ORD'UARY METHOD. COXTRACTED METHOD.

213642 ) 76314163 ( 357205 213342 ) 76314163 ( 357205

640926, 640926

122215 6
106821

15394
14954

439
427

63

94

690
284

12 40000
lOi68210

122215
106821

15394
14955

439
427

12
11

172890 1

Here the figures of the quotient are 357205, and b>

somparing the 2 tens of the divisor -pjith the 76 ten^ of
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the dividend, it is plain there imist be 2 places to the

left of the poiut; hence the quotient is 35-7205.

From considering these cases we have thi following

rule :

Compare the left-hand figure of th' divlsnr with the

units of the same order in the dividend, and thus deter-

mine the position of the point in the quotient. Then
divide as in Ex. (1 ), drojjping a figure from the right of
tJie divisor at each step of the division.

Note.—Care should be taken to mark the figures

di'opped by placing a dot or other mark beneath them.

Examples- (1)

(1) -863541 X -10983 to five places of decimals.

{•!) -053407 X -0471-26 to six places of decimals.

(3) •8-141592 X 52-7438 to four places of decimals.

(4) 325-701428 X -7218393 to three places of decimals.

(5) 3-17-29432x8-316259 to fmar places of decimals.

(6) 2-3748-=-l-4736 to three placc« of decimals.

(7) 31-47-T-839-27656 to four places of decimals

(8) 252070-520751-4-591-57 to three places of decimals.

(9) 73-64-4--43232 to four places of decimals.

(10) 6-5555-i-7-06249 to three places of decimals.

RECURRING DECIMA IS

113. Pure recurring decimal fractions are those in

which the period commences immediately after the deci-

mal point;

thus -3, -27, •0429 are pure recurring decimals.

Mixed recurring decimal fractious are those in which
one or more figures precede the period :

thus '23. -2127, •350429 are mixed recurriug decimals.

114. To find the Vulgar Fraction lohich is equivalcu.
to a given pure recurring Decimal.

Ex. (1), Find the Vulgar Fraction equivalent to -3.

The decimal= -833
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From 10 times the decimal, or 3'333

Ta,ke tho decimal, or 833

Then 9 times the decimal=3'0JQ

.•. the decimal=y = |^.

Ex. C2). Find the Vulgar Fraction equivaleut to

•247.

The decimal= -247247

From 1000 times the decimal, or 247-247

Take the decimal, or '247

Then 999 times the decimal = 247-000

.*. the decimal = ff 5^.

Ex. (3j. Find tlie Vulgar fraction equivalent to

•0423.

The decimal = -04230423

From 10000 times the decimal, or 423-0423

Take the decimal, or -0423

Then 0999 times the decimal= 423-0000

.-. the decimal = ^%%\= ^f^r-

Examples- (li.)

Couvei'i into Vulgar Fractions in their lowest terms :

(1) -6 (2) -27 (3) -045 (4) -3123

(5) •007-2 (6) -4023 (7) -C0C54 (8) -60009

Hence we deduce the following rule for reduc-

ing a pure recurring decimal to a Vulgar Fraction :

Talce one of the periods to form the numerator, and for

the denomincdor the nunihcr formed hy rejKuting 9 as

maiii/ flmss as there are Hyures in the ^jeriod.

Thu3 -7 = 1

•4327= fin

116 Tofind the Vx'fjar Fraction, ivhicli is equivalent

to a given nii.ci:d recui rl~"j decimal.
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Ex. (1). Find the Vulgar Fraction equivalent to

•537.

The decimal = -23737

From 1000 times the decimal, o- 237-37

Take 10 times tlie decimal, or 2-37

Then 993 times the decimal = 235,
.-. the decimal = ^Jij = -it,V

Ex. (2), Find the Vulgar Fraction equivalent to

0-4726.

The decknal = -04726726.

From 100000 times the decimal, or 4726-726

Take 100 tmies tlie decuual, or 4-72G

Then 90900 times the decimal = 4722,
.-. the demand = -gVuVf = rlU^

Ex. (3) Find the Vulgar Fractions equivalent to

S-14.

The decimal = 3-1444

From 100 times tlie decanal, or 314-44

Take 10 times the decimal, or 31-44

Then 90 times the decimal = 2S3,

.-. the decimal = -j^.

Examples, (lii).

Convert into Vulgar Fractions in their lowest terms :

(1) -425 (2) -4759 (3) 4-253 (4) -004-26

(5) 53.-00243 (6) 7-2011 (7j 2-53C(3.

117. Hence we deduce the following rule for reduc-

ing a Mixed recurring decimal to a vulgar fraction :

Form the Nwnerator hij tdlciny from the fir/nrcs up to

the mil of the first prriod the /ii/nrcs thict precede the first

period; and form the Dewiwinator bij settinrj down 9 ns

viani/ times as thera are fujurcs in the period, and ajjix-

imj as man;/ times as there arc jhjares between the deci-

iiud point and thefimtjuriod.
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Thus •245 = ^M^==ft^
•004.7^1 _ 47 3-4 _ 469

, 1 45-4 4 1

4-5= -g— = ~9~

7.q^ k _ 7 SJ: r, - 7_3 4 _ fi 6 1 1
_

/ O^O — 000 — 9

118. The method of performing arithmetical opera-

tions with recurring decimals will be best explained by
taking the operations separately.

I. Addition.

Find the sum of 3-49, 4-047, and -1463.

Fhst make the decimals all of the same order, thus

3.4999, 4-0476, -1463.

Then, since the periods consist of 1, 3, 2 figures respect-

ively, and the L. c. M. of 1, 3 and 2 is 6, carry on all tlie

decimals six places further, thus

3-4999999999
4-0470470470
•1463636363

7-69341068
II. Subtraction.

Here we proceed on the same principle as in Addition.

Thus to subtract 5-247 from 8-059,

8-059059
5-247777

2-81123

In both operations some caro is requisite in observing

what figure would be carried on if the columns omitted

were taken into account.

III. lu Multiplication and Division the recurring

decimals should be converted into vulgar fractions, and
when the Product or Quotient of these fractions has
been found, it may be converted into a decimal.

Thus 4-5 X 3-7 = ^* X '^\=^ = V X -V = ^IP,
anu vo —- u'±^ — "go"

"^ ¥0^0' — oo" ^ 3"s ~ 11 38 — Tsr*

"We may then, if it be requhed, convert -"-i-i-^ and if into

decimals, by the process explained in Ai't. 108.
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Examples- (liii).

Find the value of the following expressiouB

:

(1) 2-57 + -043 + 13-2. (2) 14-762 + 3-549 + 2-204.

(3) 15-025 -13-247. (4) -0246- -00397.

(5) 3-7 X 5-49. (6) -0072 X -45.

(7) 3-4-;- 409. (8) -074 -=- -59.

119. When vulgar and decimal fractions are com-
bined in the same expression, it maj- imially be simph-
fied ia the neatest and easiest way by reducing the vul-

gar fractions to a decimal form.

Thus, if we have to find the sum of 476^, 13|, and 10-375,

we should proceed thus :

476i=-476-25

13|= 13-375

10-375

Sum 500 000

Examination Papers.

I.

(1) Show that any decinaal is multiplied hy 1000 by re-

moving the decimal point in the multipUcand three places
towards the right.

(2) Enunciate the geueral rules for the divsion of deci-

mals. In cases when the division does not terminate,
explain how to determine the place of the decimal point in

tlie quotient.

(3

)

Which of the following statements is more nearly cor-

rect?

9;J^9 = 1-11' or f^j-= 9.0n9.

(4) How many times can -0087 be taken from 2'291 ?

What fraction will the remainder be of the former ?

(5) Whence does it appear that a vuli^ar fraction may
always be reduced either to a terminated or a circulating

decimal ?

Calculate the limits of the error made in takinpc ^Yi as an
approximate value of 3-1415926 to seven places of decimals.
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11.

(1) Explain what vulgar fractions can be expressed M
fiiiitf (Lciuials.

WLicii of the followmg fractions can bo thus expressed?
5 7 7 1 S -2 2 .U 7 9 9 1

T2'Tnrff' ^ar-j' 12 8 4' ?o"5^' sea
(2) Tf a pound of sugar cost •U0J3125 01 ^, fiuJ the value

of -0(^5 of 1(3 barrels of 2JU pounds each.

(8) VVMiether is 3-714.535 more accuratblj represented by

B'Tlo or o"714, and wliy ?

(4) What vul;:^ar h'action is equivalent to the sum of 14*4

and 1'44 divided by their difference ?

(5) Find a decimal which shall not differ from ^ by a ten-

thouciandth.

Ill

(1) Wliat aro the advanta^'es and di?;advantages of work-
ing with decimals instead of vulgar iraciions ?

(2) If a business produces an annual return of $6,000,

and of tln-ee partners one has '475 and anotht^r -38 share of

the profits, how much money falls to thfl share of tho third
partner ?

(3) A man who owns | of a steamboat srlls '7 of his share
for SI,40J ; what decimal part of the boat does he stdl own,
and what was the boat worth ?

(4) A man paid $120 for a horse ; for a bnggy 8061^ more
than -3 of the cost of tlie horse ; for harness 'IHo of the cost

of horse and buggy. Find his entire outlay.

(5) Tho product of three vulgar fractions is ^ ; two of

them are expressed by the decimals. '63 and '130 ; by what
fraction wiil the third one be expressed ?

IV.

(1) How do the Decimals differ from Vulgar Fractions?

(2) A storekeeper buys 140 yards of cloth at $"30 per yard.

In selling he uses a measure which is ^g of a'yard too short,

and charges $'50 per yard. What is his net gain ?

(8) One vessel contains a mixture of 18 pints of brandy
and 7 of water ; another contains 34 pints of brandy and 13
of water.

If the strength of the first mixture is represented by 423,

what number will represent that of the second ?
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(4) Write in figures fonr millions and four, and ten oillions

ninety thousand and seven hundred quadrillionths. Ex-
press 'in words 74000306-000060000007.

(6) A piece of cloth was said to contain 84 yards, but it was
found that the so-called yard measure with which it was

measured was -02083 of a yard too short ; what was the

correct length of the cloth ?

(1) When a vulvar fraction is changed to a decimal, ex-

plain how many figures there will be in the decimal if it

does not repeat ; if it is a repeating decimal explain when it

will consist of a part which does not repeat, and show how
many figures there wUl be in this part.

(2) The French metre is 39-371 inches in length. Ex-
press the length of 25 metres as a fraction of an English
mile, there being 6280 feet in it and 12 inches in a foot.

(3) If a Fteamrr makes a passoge from New Tork to

Liverpool (say 2700 miles) in 230 hours, and a train goes

from London to Edinburgh (say 405 miles) in 18 hours ; how
much does the one go faster than the othti' ? Give answer
in miles and decimal of a mile.

• (4) Given that the sum of the divisor and quotient is 7'5;

and that the divisor is ij- of the quotient ; also that the
remainder is ?/j of the divisor. Find the dividend.

(0) Divide 8448.71^ among A, E, and C, so as to give B
$46.70 less than A, and §34.59 more than C.

VL

(1) What vulgar fractions must be represented by mixed
repttends, and what by pure repetends ?

(2) Show that no recurring decimal can have more places

in the period than there are units in the denominator less

one.

(3) A man spent $2.50 more than .79 of his money at one

time and $1-15 less than -jYi^r of ^^^^ remainder at another,

and now has S2-0(.9 ; how much 1 al be at first ?

(1111111 )

(4) Simplify lG|5-y--8+T-7j-^-gfX ...\-^h-

.^ o. ,-, 1 H 8 .3X4 1 .
8X4X5 1

;

(6) Simplify J— X ;

i
ii^ + i^a^ioi+nTixTVioi" 1
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XIII. Square Root.

120. When a Number is multiplied by itself, the

result is called the Square of the number. Thus 144

is the square of 12, aud 225 is the square of 15.

The symbol ' placed over a number expresses the

square of the number : thus 5^ denotes the square of 5.

121. The Square Eoot of a given number is that

number, whose square is equal to the given number.

Thus the square root of 144 is 12, because the square

of 12 is 144.

The symbol y, placed before a number, denotes that

the square root of that number is to be taken : thus

v/25 is read " the square root cf 25."

122. A number which has an integer for its square

root is called a Perfect Square.

123. For Perfect Squares not greater than 100 we
know the square roots, thus we know that the square

loot of 81 is 9 ; and for many Perfect Squares gi'eater

than 100 we know the square roots by experience, as,

for instance, we know that the square root of 169 is 13,

and the square root of 400 is 20, and the square root of

10000 is 100. But we have rules for finding the Square
Root of any Number, as we shall now explain

First, suppose we have to find the Square Root of

1225.

We draw a line separating the two figures on the right

from the other two ; thus

12125.

The figures 12 make what is called the first period.

The figures 25 make what is called the second period.

We then take the nearest perfect square not gi*eater

than 12, that is 9, aud place it under the 12 and put its

square root, that is 3, as the first figui'e of the squai'e

root we have to find, thus

12'25 (

3

9
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We subtract 9 from 12, and annex to the remainder 3
the second period 25, to make a dividend, a^id we double
the first figure of the root, and set down the result as

the first term of a divisor ; thus our process up to this

point will stand thus :

12125 ( 3

9

6
i

0-15

Now we shall have to annex another figure to the G,

and we must therefore reckon the 6 as six tens, or 60,

and then we seek the number of times 60 is contained

in 325, and this being five times, we set down 5 as the

second figure of the root, and annex 5 to the 6, so that

our process up to this point will stand thus :

]2|25 (35
y

65
I

325

We then multiply 65 by 5, and set the product down
under the 325 ; and subtracting the product from the

325, we have no remainder, and we conclude that 35 is

the square root of 1225, the full process being

12125 ( 35

65 325
325

Next, to find the square root of 622521.

Drawing a hne to mark off the two figures on the

right, and another hne to mark off the next two figiu'es

our process for finding the first two figures of the root

will De the same as that explained in the first example,
and it will stand thus :

62125121(78

49

148 1325
1184

14121
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We nowRTinex to the remainder the third period 21, and
we doul)le the part of the root aheady found, 78, and set

down the result 15G as a partial divisor, and proceed, as

before, to divide 14121 by 1560, and annex the quotient

9 to the root and to the divisor ; and multiplying 1569
by 9 we s-et the product under the 14121 ; thus our

process in full Avill be
62125121(789

49

143

1569

1325
1184

14121
14121

.•. 789 is the root.requii'ed.

Note.—In practice, instead of dividing 1825 by 140,

it is usual to divide 132 bv 14, and instead of di\'iding

14121 by 1560, to di^dde 1412 by 156. The quotient

thus obtained is, however, sometimes too great, as will

be seen iu the next Examples.

We now give two Examples in which the first period

has only one figm-e, which must always be the case when
the proposed sqiiare has an odd number of figiu'es in it.

To find the square root of 189475225.

Marking off the figui'cs by pairs, commencing from
the right, we have

1!S9I47|52|25 ( 13765
1

23
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Note.—In dividing 89 by 20 the quotient is 4, but if

we added this to complete the divisor, it would become
24, which being multiplied by 4, would give 96, a num-
ber larger than 89.

To find the square root of 39G01.

8196101 ( 199
1

23

889

296
281

8501
3501

NoTB I.—The division of 296 by 20 illustrates tha

remarks made on the last example.

Note II.—The second remainder, 35, is greater than
the divisor, 29, a result not uncommon in tliis operation.

Examples. 0-y)

Knd the sqnare roots of

(1) 19G. (5) 529.

(3) 10-24. (4; 5025.

(5) 8b2!J9. (G) 119025.

(7) 10G929. (8) 751089.

(9) 193GU0. (10) 697225.

(11) 3Gi372HGl. (12) 22071204.

(13) 550183936. (14) 5256250000.

(15) 41249(11. (16) 54G121000000.

(17) 32239GS4. (18) 191S1U713444.

124. Tojind the square root of a Decimal Fraction.

When the given number has an even number of deci-

mal places, we proceed to find the square root as if the

number were an integer, and mark ofl" in the root a

number of decimal places equal to half ih^ uwDilcr in th*

tquare.

Thus, if the square be a ilecitnal of the sixlh order,

the root will be a decimal of the tlcird order.

For example, to find the square root of 6 '322249.



106 SQUARE ROOT

5-132!22l49 (2-307

4

43
I

132

I
129

46
I

322

Since 46 is not contained in 32, we annex an to the

divisor, and also to the root, and bring down the next

period thus,

4607
I

32249
3-2249

Examples. (lvi).»

Find the square roots of

(1)
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Suppose, for example, we have to find the square

root of '144 io four places of clecimals.

We must have eigld decimal places in the square,

thus, -14400000, and we mark off these and proceed as

in the extraction of the root of whole numbers, the root

being a decimal of thefourth order : thus,

•14I4OI00IOO ( -3794 ....
9

67 I 540
469

749

7584

7100
6741

35900
30336

5564

x"<OTE.—The square root of a decimal of an odd order
is a non-terminating decimal.

Examples- (l^ii)

Extract to four places of decimals the square roots of

(1) 20. (2) 30. (3) -9. (4) -121.

(5) -169. (6) -016. (7) -00064. (8) -00121.

(9) 16-245. (10) -9. (11) -25. (12) 42-03.

126. If we have to find the square root of a vulgar
fraction, we can always by multiplication make the
denominator a perfect square, if it be not already so,

multipMng the numerator by the same number.

We then find the square root of the denominator, and
find, exactly or approximately, the square root of the

numerator, and make the results respectively the de-

nominator and numeratoi- of a fraction, which is the

root required, exactly or approximately.

Ex. (1). J25_^y25^5
^ ^ \ 36 x/36 6

_ ,„. '2 _ /2X3 _ yo^ _ ^/6^
Ex. (2). \ 3 - ^ 3^^ yg g
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We can now extract the square root of 6 to, say,

three places of clecimals, tlius :

6-100100100 (li-ua

4

44
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and find to foui- places of decimals the square roots of

(13) ^ (14) M (15) C|

(16) 9i (17) 76t^

XIV. Cube Root.

128. When a number is multipUed hy itself tTvice,

the result is called the Cube of the nnmber. Thus 27

is the cube of 3, and 216 is the cube of 6.

129. The Cube Eoot of a given nnmber is that

number, whose cube is equal to the given number.

Thus the cube root of 343 is 7, because the cube of 7

IS 343

The symbol ^ ,
placed before a number, denotes that

the cube root of that number is to be taken : thus

yi25 is read, "the cube root of 125,"

130. A. number, which lias an integer for its Cube
Eoot, is called a Perfect Cubi:.

The numbers, less than 1000, which are perfect cubes,

should be committed to memory : they are

1, 8. 27, G4, 125, 21G. 343, 512, 729,

and the cube roots of these numbers are respectively

1, 2, 3, 4, 5, G, 7, 8, 9.

131. To find the Cube Eoot of a perfect cube,
greater than 1000, we proceed by a rule, which we shall

now explain.

Ex. (1). To find the cube root of 91125.

4 91
I

125
64

12 6 4800
625

27125

5425 127125

FirBt diviflf! Ilie mimbpr 91125 into two prriods by drawing
a line marking off three fi,£;iires on the right.

Then take the nearest perfect cube not greater than 91,
which is 64, and set down its cube root, which is 4, iu a
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line with 91125, and some way to the left,

first fi-aire of tlie root.

This is the

Then subtract 64 from 91, and to the remainder attach
the second period, 125.

Now j)lace three times the first figure of the root, 12, to

the extreme left, and three times the square of the first

figure of the root, 48, with two zeros annexed to it, just

on the left of the 27125.

Divide 27125 by 4800, and set the quotient, 5, midway
between 12 and 4800. Then read 12 5 as 125
multiply this by 5 ; put the result, 625, under the 4800
add it to the 4800 ; this gives 5425 ; multiply this by 5

put the result, which is 27125, under the first remainder
subtract, and as there is no remainder, the process is

complete, and the root is 45.

Examples, (hx)

Find the cube roots of

(1) 4096. (2) 32768. (3) 74088.

(4) 493039. (5) 614125. (6) 262144.

(7) 39304. (8) 389017. (9) 614125.

(10) 970299. (11) 59319. (12) 250047.

Nest, let us take the case in wliich the cube root has

ihveefigui-es, and extract the cube root of 423GG1064.

7 428
j
661

I

064
343

21

22a

14700
1075

15775
25
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Then we set down three times 7, which is 21,

and three times the square of 7, which is 147, and add
two zeros to it.

Then we divide 85661 by 14700, which gives the quotient

5, and this we put down midway between 21 and 14700.

Then we multiply 215 Ly 5, which gives 1075 ; we add
this to 14700; we multiply the result, 15775, by 5 ; and
subtraiit the product, 78875, from 85661 ; and to the

remainder we annex the third period, 064.

We thou set down three times 75, which is 225,

and three times the square of 75, which is 10S75.

N.B.—This last result can be obtained by setting the

square of 5, the second figure of the root, under the second
divisor, and adding the three numbers coupled by the

bracket.

We then annex two zeros, to 16875 and repeat the process

explained above, to iind 4, the third figure of the cube
root, which is in this case 754.

Next, take the case in whicli the root hasybm-figui'es

and find the cube root of 14832537993,

2 14
[
832

I

537 1
993

8

4 4 1200 6832
256\

1456
f 5824

16)

72 5 172800 10085<i7

3625^

176425 f 882125
25

735 7 18007500 126412993
51499

18058999 126412993

Hence the root required is 2457.

Note.—In dividing 6832 by 1200 the quotient is 5, but if

we took this for the second figure of the root we should find
that the addition of 5 times 65, or 825, to 1200, would give
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1525, anil this mnltiplica by 5 would give 7625, a numbor too

latere to be subtracted from 0832.
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of 4230000000, regarded as a icliole number, and mark off

tliiee decimal places iu the result.

134. The ciihe root of a Vulgarfractinnvavky be found

by taking the roots of the numerator and denominator,

or by reducing the fraction to a decimal of the 3rd, 6th,

9th order, and proceeding as in Ai-t. 133.

Examples- G^).

Find the cube roots of

(1) -389017 (2) -048228544 (3) 27054-086008

(4; \n\ (5) m (s) 53^^ (7) 405^^/^;

and find to three places of decimals the cube roots o*

(8) 5 (9) 576 (10) -121801281

(11) 15-926072504 (1-2) f (13) f
(14) i

'
(15) 11 (IG) 3^

135. T\xQ /(yiirth root of a number is found by taking

the square root of the square root of the number.

Thus y4096 = yCl = 8.

The sixth root of a number is found by taking the cube
root of the square root of the number.

Thus VGl = V8 = 2.

Examples- (Ixii)

tind the foiu-th roots of

(1) 531441 (2) 4100625 (3) 1575-2961;

and the sixth roots nf

(4) 4826809 (5) 24794911296 (6) 282429-536481.
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ZV. On English, Canadian, and United States

Currencies.

136- Having explained the principles ^nd processes

of Pure Arithmetic, we proceed to show how they are

apphed to Commercial affairs.

Measures of Money.

4 farthings are equivalent to 1 penny,
12 pence are equivalent to . 1 shilling

20 shillings are equivalent to 1 pound.

The symbol £ placed before or over a number denotes pounds,
s after s^illkigs,

d after pence.

£ s. d.

rhns £14:. 5s. Id., or 14. 5. 7 stands for fourteen

pounds, five shilHugs and seven pence.

Since 1 farthing is one-fourth of a penny,
2 farthings are one-half of a penny,
3 farthings are three-fourths of a penny.

Hence the symbol ^d. is placed for 1 farthing,

hd 2 farthings or a halfpenny.
|cZ 3 farthings.

The sjmihol q., placed after a number, is sometimes

ased to denote farthings: thus, 3q. stands for three

farthings.

137. We call £14 a si^npls quantity, and £14. 6s. Id.

a compound quantitj^ because the former is expressed

with reference to a si7igle unit, wliile the latter is ex-

pressed with reference to three different units.
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138. The unit in Canadian and United States cur-

rencies is called a dollar. The tenth part of this unit

is called a dhae ; the tenth part of the dime is called a

cent ; and the tenth of the cent is called a mill. We
may conceive the unit, then, to be divided into ten

equal parts, each of these parts into ten other equal

parts, antl so on. Hence Canadian and United States

ciu'rencies are based on the Decimal System of Notation,

and, therefore, all operations in these cm-rencies are

performed by means of the rules in Decimal Fractions.

It is to this circumstance that they owe their great

simphcity.

TABLE OF CANADIAN AND UNITED STATES COINS.

CANADIAN COINS. UNITED STATES COINS.

Gold. Gold.

British Sovereign, worth Double Eagle, or... $20
§4.86|. Eagle, or $10

British Half-Sovereiga. Half Eagle, or 05
Three Dollar Piece.

Quarter Eagle, or. . . 5 2J
DoUar.

Silver. iSilver,

Dollar.

50-cent piece answers to Half dollar.

25-cent piece answers to Quarter doUax.

20-cent piece (no longer coined).

10-cent pieca answers to Dime.

Nickel.

5-cent piece answers to 5-cent piece.

3-cent piece.

Bronze. Btvnze..

\ cent. 1 cent.

Mill, not coined. Mill, not coined.

Ex. (1). $251, 7 cents, 8 mills.

= K251 + i°T^4-Tfff+i(^ffo)_^
— 8(251 + T^nnj + wcra + i^ffv)

= 1J(251 + T^gir)
— 8 251-073.
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Ex. (2). S55-925

= ${55 + ^% + rh + T^Ts)
= $(55 + jVtf- + To^ir)

= S 55 + 92 cents + 3 mills

= $ 55, 92 cts. 3 mills.

Tlie English gold coinage consists of \h pure metal and of
•>\r alloy.

The gold and silver coinage of the United States consists
of "iV pure niL-tal and -jV alloy.

The silver coin in Canada and England is ^ j pure metal
and -4V copper.

Gold and silver thus alloyed are called standard. The
gold or silver before it is coined is called bulliun.

The 1-cent. piece is made of bronze, and is 1 inch in

diameter, and 100 of them weigh 1 lb. avoirdupois.

The term carat is emploj'cd to denote the fineness of gold,

Perfectly pure gold is s;ud to be 24 carats fine ; a mixture of

18 parts jjure gold and 6 p-rts of some other metal, is said to

be 18 carats fine. This latter is termed jeUewer's gold.

EEDUCTIOX OF MOSEY.

139. The exprcssiou 5s. Id. stands for a sum of

mone}', vliicli is made up of five shillings and teveu

pence. Now, since one shilling is equivalent to twelve

pence, five shillings are equivalent to sixty pence ; and
therefore five shiiiings and seven penc6 are equivalent

to sixty-seven pence.

The process Dy w^bich vre change the compoicnd ex-

pression 5s. Id. into the equivalent sinqAe ex]Jiession

(^"d., is arranged thus :

s. d.

5.7
12

Q>ld:

and we describe the process thus : We rhavrje the 5
shilUvris i)ito pence hy viultiiAijiiuf hy 12, and add to the

product the 7 jjence.
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Agfain, to change the compound expression ^4. 7s. lOhd.

mto an «<juivtilciit number of farthings, we proceed thus :

£ 8. d.

4.7. 10^
20

87s.

12

1054d.
4

42182.

i^'irst we change £A to shilhngs and add Is., making 873.

;

then 878. to peace lOd., making 1054t^.

;

then 1054ci. to farthings 23,, making 4218g.

Ezamples. (liiii)

Eednco to farthings

(1) Sid.; 74.; 9d.] ll^rf.

(2) 2s. 3d.; 5s. l^d.; 12s. Q^d.; 17«. 7^^.

(3) £2. 12s.; £5 ; £2. lis. G^d.; i'17. is. 5|d.

Beduce to pence

(4) 6a.; 4s. lOd.; la. lOd.; 8». 9d.; 13s. 7d.

(5) £4: ; ^5. 2s. id.; £17. 14s. 5c/.; £;jS. 13s. lid
(6) J^174. 10s.; ^'432. 1.5s. lOd.; i'1274. 17s. 9d.

140. The converse oijeration, by which we express a
simple quantity in terms of an equivalent compound
quantity, "will bo best explained by the following Ex-
amples.

Ex. fl). Nine farthinjjs will be expressed as pence and
farthin<,'S, if we divido 9 by 4 (since 4 farthings = 1 penny),
set down the quotient, as pence, and the remainder as

fai-things, thus : 9 farthnigs = \d. = 2\d.

Ex. (2). Again, 83 pence will be expressed as shillings

and pence, if we divide 33 by 12 (since 12 pence = 1 shiiliu>,'),

set down the (lUuLient as shillings, uud the remainder as

pence, thus : 33 pencd =^12 ^ihillings = 25. Od,

Ex. (8). Also, 75 ihillings = 1^ pounds = £'i. 16«,
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Ex. (4). To express 4275639 farthings in terms of £ s. d.

farthings.

4 4275G139

12 1068909d. and 3 fartMngs over.

2 8907,5s. and 9 pence over.

£4:4:53 and 15s. over.

.-. 4275639 farthings = i'4453 15s. 9id.

These methods of expressing a given sum of money
in another, but equivalent, form are included in the

word Reduction.

Examples. (Ixiv)

Reduce to pence and farthings the following numbers
of farthings

:

(1) 57. (2) 173. (3) 197.

Reduce to shillings, pence and farthings the following

numbers of farthings

:

(4) 357. (5) 479. (6) 747.

Reduce to £ s. d. the following numbers of farthings :

(7) 4238. (8; 376289. (9) ,',42380.

141. The copper coins in use in Great Britain are

the Farthing, the HaKpenny, and the Penny.

The silver coins in use are the Crown, (5s.), the HaLf-

erown (2.s-. M.), the Florin {Is.), the Shilling, the Six-

pence, the Fourpenny piece (or Groat), and the Three-

penny piece.

The gold coins in use are the Sovereign or Pound, and

the Hnlf-sovereign. The Guinea (21s.) and the Half-

guinea (10s. GcZ.) are not in use, but reference is fre-

quently made to them.

COMPOOyO ADDITION.

142. In adding compound exijressions together, we
follow the iDrinciples which regulate the process of

Addition in the case of ]^ure numbers.
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Thtis, in adding sums of money we arrange them so

tbat the pounds stand under pounds in vertical col-

umns, shillings under sliilUugs, pence under pence, and
farthings under farthings. For example, if v/e have to

add together 4.v. S-ld., 8s. 3'ld., 5s. 'id., and 17s. [)3-i.,

we arrange them thus :

s.
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The sum of the column of pence, increased by 2, we
find to be 30 pence, and this being equivalent to 3 shil-

lings, we place under the column ol pence, and can-y

on thi-ee for addition to the column of sliillings.

The sum of the columns of shillings, increased by 3,

we find to be 38 sliillings, and this being equivalent to 1

pound and 18 shillings, we place 18 under the columns
of shilhngs, and carry on 1 for addition to the columns
of pounds.

The sum of the columns of pounds, increased by 1, we
find to be 311, which we place under those columns,

and the sum is complete.

Examples- 0^

Perform the operation of addition on the following

sums of money :

£ ». d. £ *. d. £ I. d. £ 8. d.
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£
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obtaining as a remainder 13 pounds, which v/e place
under the column of pounds.

Ezampies- (ixvi)
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9 times 4 pounds = 36 pounds, and 3 pounds added gives

89 pounds, wliich is set down under the pounds.

145. When the multipher can be spHt up into

factors, each of which is not greater than 12, we multi-

ply the compound expression first by one of the factors,

and then multiply the product by another of the factors,

as in the case of Simple Multiplication.

Thus if we have to multiply £12 4*'. l^d. by 15, we
multiply first by 5, and the product by 3, thus :

£ 8 d.

12 . 4 . 7i
5

61 3 . 1^ Product by 5.

3

^183 . 9 . 4i Product by 15.

Again, to multiply £17 14s. 9d. by 180, we may
proceed tiius

:

£ 8. a.

17 . L4 . 9

10

177 . 7

1064

6 Product by iO
6

Product by 60.

3

£3192 . 15 . Product by 180.

Examples. (Ixvii)

Find the value of

(1) 4 things at 7s. 3d. each. (2) 5 at Ud. (3) 6 at 7.'.d.

(4) 7 at 9s. Gd. (5) 8 at 2s. 4rf. (6) 10 at 2s. 2id.

(7) 11 at £2 Is. 4d. (8) 12 at £i 4s. 3d.

(9) 14 at 17s. (5ci. (10) 15 at 7s.l0\d. (11) 16 at 27*.

(12) 18 at 17s. Gd. (13) 20 at £5 lis. 4c/.

(14) 21 at 6s. 7'cZ. (15) 22 at £5 lis. 4d.

(16) 24 at £4 7s. 2d. (17) 25 at 4s. Gd.

(18) 27 at 5s. 11.id. (19) 28 at 2s. 8d. (20) 30 at £1 \2i.

(21) 83 at £1 2s. (22) 85 at .£1 2s. Gd
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146. When the multiplier cannot be spht up into
factors, we may proceed as in the following examples : ,

Ex. (1). To miiltiply £17 12,s. 9^^. by 79.

£
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2
1
3296

d. 1648
29664 the result of multiplying the top line by 9.

12
I
31312

s. 2609 and U.
23079 )

32Qfi'' \
^^^ J^esult of multiplying the top line by 17,

20 5864,1
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18q. divided by 9 gives 2q. as quotient, and no remainder.

Ex. (2). To clivide £51 15.9. 5d. by 35.

The factors of 35 are

15

10 7 . 1

£1 . 9.7 Quotient.

Ex. (3). To divide £53 15a-. 8^/. hy 112.

53 .
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COMPOUND DIVISION.

Examples- (Ixix)

(1) ^1. 3s. 7Mby3. (2) ^39. 7s. 6d. by.7.

(3) £11. 3s. M. by 12. (4) ^43. 12s. 8d. by 11.

(5) ^6. 2s. lid. by 10. (6) ^22. lis. 6d. by 12

n. Divide

(1) ^98. lis. 9d. bv 54. (2) ^13. 7s. 9cL bv 63

(3) ^29. 14s. Od. by 108. (4) ^15. 8s. by 132.

(5) ^3. 9s. 4id. by 45. (6) MS. 12s. 8d. by 4*.

m. Divide

(1) ^167. i9s. M. by 145. (2) £40. 8s. 4|c?. by 241.

(3) ^453. lis. 9i(i. by 3G5. (4) £40669. 2s. Id. by 9652.

(5) £9-6. Is. 2i(Z. by 291. (6) £139. 3s. 6^. by 117.

149, One quantity is contained in another of tlie

same kind as often as the measure of the first is con-

tained in the measure of the second, the same unit of

measm-ement being taken in both cases.

Ex. (1). How many times is Is. Id. contained in 16s. 3d. ?

Is. Id. = 13d,; and 16s. 3d. = 195d.

Now 13 is contained 15 times in 195
;

.*. 13d. is contained 15 times in 195d.

Ex. (2). How many times is £i. 3s. 2d. contained in

£87. 6s. 6d. ?

£4. 3s. 2d.= 998d.; and £87. 6s. Gd. = 20958d.

Now 20958-r-998 = 21
;

.*. £4. 3s. 2d. is contained in £87. 6s. 6d. 21 times.'

Examples. (Ixx)

(1) How many times is £346. 16.?. contained in £34680 ?

(2) £5. ll.s.4d £122. 9s. 4d..?

(3) £1. 12s. 6d £68. 5s.?

(4) £17. 12s. 9 Id... £1393.85.105?

(5) Among how many persons must £(J41. 14s. lljd. be
divided, so that the share of each may be £2. 15s. G'ld. ?

(0) Divide £17 into an equal number of sovereigns* half-

sovereigns, half-crowns, shillings, and sixpences.
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FRACTIONAL MULTIPLICATION AND
DIVISION OF MONEY.

150. Ex. (1). Find the value f of 14s. M.,

k of 14s. Qd. = ~^' = 3s. 8d.

.-. f of 14s. 8f/. = 3 X 3s. 8d. = ] Is.

It is immaterial whether we divide by 4, and then
multiply the quotient by 3, or first multii^Iy by 3, and
then divide the product by 4, thus :

I of 14s. 8d. = = — = lis.

Ex. (2). Find the value of f of 4 of £43. 4.s. Gd.

§ of f of ^43. 4s. 6d. = ii of i:43 4s. 6d.

__ 1 0X£43 4s. ed.

2 1

^ 10 X£2. Is. 2d. = £20. lis. 8d.

Ex. (3) What is the value of 2f of 14s. dd. ?

2f of 14s. 9d. = V^ of 177(i.

^ 1 7
X w Id. ^ 30|M- ^ 429frf. == £1. 15s. 94^.

Note.—To find the value of | x 2s. 9d., we extend the

meaning of the sign x (as is explained in Art. 71), and
replace it by the word of.

Thus f X 2s. 9d. = I of 2s. 9a. = ^^- == Is. 7id.

Ex. (4). Divide 4s. 2d. by |

:

4s. 2d -^ I ^ 4s. 2d. X f

^
I- of 4s. 2d. = 8 X lOd. = 6s. 8d.

Ex. (5). Divide £i 3s. 9d. by 2f
•

£4 3s. 9d. -z- 2§ == £4 3s. 9d. -=- f

= |of£4 3s. 9d.=: ^^- y- ^-=£1 lis. 4id.

Examples. (Ixxi).

Find the value of

(1) f of 4s. 9d. (2) § of 7s. 2a.

(3) i^c of a guinea. (4) -f of 3s. Gd.

(5) i of f of 4.^. lOd. (6) f of ^ of i:'83 16s. 3d.

(7) 9iofls. l^d. (8) 5H of half a crown.

(9) 2I of £5 2s. Gd. (10) ft of ^99 14s.
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ai) ^60 1.3. M.^l. (12) £2 6.?. 9r/. -4-li.

(13) i-o3 155. 8J. -4-61-?. (14) £30 2s. Oi.-^ 4i.

NoTK.— If we have to multiply a compound expression by
a mixed number, it is not always necessary to turn tlio

mixed number into an improper fraction, as we did in

Ex. (3), but we can frequently effect tin multiiilicatioa more
neatly by multipl^'ing first by the fractional part and then
by tlie whole number, and adding the two resrJts.

Thus, to multiply ^427 12s. 9c/. by 5|.

the result of multiplying the top line by 2.

£
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7 of them contain 81 days, 4 contain 30 days, and
Februai-y has 28 days (and in Leap-year 29).

The names of the 4 months which have 30 days axe

given in the old verse :

Thirty days Lave September,
April, June, aud November.

To find whether a particular year is a Leap-year, we
divide the number of the year by 4 ; if no remainder be

left, the year is Leap-year, but to correct an error in our

present Calendar, the centuries which are not exactly

divisible by 400, as 1900, 2100... are to be taken as

common years, aud not as leap-years.

Examples- (Ixxiii)

Reduction.

(1) Reduce 6 hr. 17 mia. -lb seo. to seconds; l?*". 0°. 4.3'w

to seconds.

(2) Reduce 3 yr. 143 d. 16 hr. to seconds ; 1 yr. 13 d. Ohr.
4 min. to minutes.

(8) Reduce 48567 min. to days ; 23567 sec. to hours.

(4) Reduce 742392 sec. to days ; 174296 sec. to we&ks.

(5) Find the number of days, reckoning from noon of the
one to noon of the other, between the foliowing days in the
year 1872

:

1st February and 29th May ; 4th July and 2Qd December;
3rd January and 15th October ; 24tb February and 23rd June.

Also between 25ih December, 1872, and 25th May, 1873.

Addition.

(6)
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Subtraction.
hr. mln. seo. da, hr, mln. wk. &%. hr.

(12) 7 . 14 . 28 (13) 123 . 16 . 4 (14) 4 . 6 . 18

4 . 19 . 38 39 . 22 . 17 3 . 6 . 2C

vr. da. hr. yr. Ja. hr. da. hr. min. sec.

(15) 3 . 147 . 14 (16) 4 . 45 . 16 (17) 14 . 1 . . 13
' 2 . 213 . 17 2 , 78 . 19 8 . 15 . 23 . 27

(18) Multiply 13 hr. 14 min. 43 sec. by 35
;

17 hrs. 13 min. 39 sec. by 43.

(19) Divide 15 weeks 5 days 17 hours 26 mia, by 49

;

14 hrs. 56 rc^in. 41 sec. by 73.

152. Measures of Length.
12 inches make 1 foot, usually written 1 ft.,

3 feet 1 yard, 1 yd.,

S^yards. 1 pole, 1 po.,

40 poles 1 furlong., 1 fur.,

8 furlongs 1 mile, 1 mi.,

3 miles 1 league, Ilea.

Hence 1 furlong = 220 yards, and 1 mile= 1760 yards.

Cloth Measures.

^\ inches make 1 nail J 4 quarters make 1 yaj-d,

4 nails 1 quarter,
| 5 quartei-s 1 ell.

Ex. (1). Reduce 3 mi. 5 fur. 17 po. 4 yd. 1 ft. 3 in.

io inches.
mi. fur. po. yd. fi. iTu

8 . 5 . 17 . 4 . 1 . 3
8

29 far.

40

1177 po.

5*

588 i the result of dividing 1177 by 2.

6889

6477i yd.
8

19433i ft.

12

283205 inches.
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Ex. (2), Reduce 47293 yards to poles.

47293 yd. == {47293-^5 i) poles.

= (47293^-^- poles.

= (47293X^\) poles.

We may proceed thus :

47293 yards
2

11 94586 half-yards,

8598 poles and 8 half-yards over.

.-, 47293 vd.= 8598 po. 4 yd.

Examples. (Ixxiv)

Reduction.

(1) Reduce 8 yd. 2 ft. to inches ; 4 mi. 8 fur. 4 po. to feet.

(2) Reduce 7 mi. 14 po. 3^ yd. to inches ; 27 po. 4J yd.

to inches.

(3) Reduce 74325 yd. to poles ; 2423694 in. to furlongs.

(4) Reduce 723964 ft. to miles ; 82976432 in. to miles.

Addition.

yd. ft. In. mi. fur. po.

(5) 4.2.7 (6) 13 . 4 . 20 (7)

19 . 1 . 9 43 . 3 . 9

5 . 2 . 10 66 . 2 . 13

23 . 2 . 8 4 . 7 . 32

85 . 1 . 6 IG . 3 . 15

17 . 2 . 4 19 . 6 . 11

fur.
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153. Measures of Surface.

144 square inches make 1 square foot, written 1 sq. ft.

9 square feet 1 square yard, 1 sq. yd.
30;^ square yards 1 square pole, 1 sq. po.
40 square poles 1 rood, 1 ro.

4 roods 1 acre, 1 ac.

Hence 1 acre ^ 4840 square yards.

640 acres := 1 square mile.

Land surveyors make use of a Chain 22 yards in

length, divided into 100 equal parts, called Links.

The square of 22 is 484, and therefore 10 Square
Chains make an Acre.

Note.—The Square Inch is a square whose side is an inch
in length.

Ex. (Ij. How manv square inches are there in 3 ac.

2 ro. 27 po. 27 sq. yd." 7 sq. ft. 23 sq. in. ?

ae. ro. po. sq. yd. sq. ft. sq iu.

3 . 2 . 27 . 27 . 7 , 23
4

14 ro.

40

587 po.

30J

146| the result of the division of 587 by 4.

17637

177831 sq. yd.

9

160U54
65 the result of multiplying | by 9.

160000J sq. ft.

144

640263
641)240

160060
108 the result of multiplying^ f by 144.

23047771 sq. in
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Ex. (2). Eeduce 74237 sq. yards to polca.

74237 .sq. yd. = (74237-=- SO.i) poles

= (74237 -r ifi) poles

= (74237 X -^ poles.

"We may proceed thus :

74237 yards
4

11
121"

11

296948 quarter-yards

26995 and 3 quarter-yards over

2454 po. and 1 parcel of 11 quarie. yards over.

The remfiinder is (11 4- 3) quarter-yards, or 14 giuictex^

yards, or 3^ yl-

.-. 7 )7 sq. yd. = 2454 po. SJ .q. yd.

Examples- (Ixxv)

i

Hedwiion.

(1) Reduce 5 ac. 3 ro. 17 po. 13 sq. yd. 6 sq. ft. 15 sq. in.

to square inches.

(2) Reduce 7 ac. 15 po. 5 sq. yd. 3 r^q. ft. to square inches.

(3) Reduce 250 acres to square yxds, and 73 sq. yd. to

square inches.

(4) Reduce 5239 sq. in. to sq. y.'.., and 15376 sq. yd. to

acres.

(6) Reduce 34729 sq. yd. to pol^s, and 562934 sq. in. to

square poles.

AddifioTu



ON MBASURBS. 135

Subtraction.

se. ro. po. Bq. yd. sq. ft. sq. In.

(9) 57 . 2 . 30 (10) 42 . 8 . 124 (11)

29 . 3 . 34 36 . 8 . 139
IG



186 ON MEA8TTKB8.

Subtraction.

cab. yd. ciA.ft. cnbJn. enb.vd. ciibJt. cnb. In. enb. yd. enbJt. satunk

(7) 47 . 17 . 543 (8) 247 . 19 . 1274 (g) 527 . .

38 . 23 . 726 239 . 18 . 1368 499 . 1'^ . 256

(10) Multiply 26 cnb. yd. 6 cub. ft. 49 cub. in. by 27 ;

472 cub. yd. 17 cub. ft. 238 cub. in. by 53.

(11) Divide 78 cub. yd. 13 cub. ft. 252 cub. in. by 12;
472 cub. yd. cub. ft. 1416 cub. in. by 69.

15 b Measures of Capacity.

2 pints make 1 quart, written 1 qt.,

4 quarts 1 gallon, 1 gall.,

2 gallons .... 1 peck, 1 pk.,

4 pecks 1 bushel, 1 bus.,

8 bushels ... 1 quarter, 1 qr.,

Examples. (1^^)

Redw.tion.

(1) Reduce 3 pk. 1 gall. 3 pt. to pints, and 214 qr. 3^ ba».

to pints.

(2) Reduce 4234 pt. to quarters, and 3047 gall, to quarters.

Addition.

gall. qt. pt bus. pk. gaU. qr. bus. pk,

(3) 4.3.1 (4) 4 . 3 . 1 (5) 42 . 5 . 3

3 . 2 . li 5 . 2 . li 27 . 7 . 2
12 . 3 . 1.3.1 64 . 3 . 1

14 . . li 4 . 2 . li 49 . 6 . 2
6.2.1 8.1.0 12. 4.0

Subtraction.

gall. qt. pt. bus. pk. galL qr. bus. pk.

(6) 5 . 2 . (7) 6 . 3 . (8) 36 . 7 . 2
4.3.1 5.3.1 29. 7. 3

(9) Multiply 5 qr. 3 bus. 2 pk. by 63, and 15 qr. 2 bus.

1 pk. by 73.

(10) Divide 13 gall. 1 pt. by 15, and 348 qr. bus. 1 pk.

by 43

165. Troy Weight.

24 grains make 1 pennyweight, written 1 dwt.

20 pennyweights make 1 ounce, written 1 oz.

12 ounces make 1 pound, written 1 lb.

Ciuefly used for weighing gold, silver, and jewels.
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Examples- (Ixxviii

». Rediiction

.

(1) In 27 ounces of gol 1 how maiiy 'T'ams ait there ?

(2) Reduce 7 lb.; 14 lb. 3 cz.; 25 lb. 9 oz. 6 dwt. to iien-

liVweights.

VS) Reduce 3 lb. 10 oz. 7 dwt. 6 gr.; 7 IV). 4 oz. 17 dwt.

15 gi'aius to grains.

(4) Reduce 3145 gr, to ounces ; 42672 gr. lo lb.

(5) Reduce 72469 gr. to lb. ; 3246 dwt. to lb.
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Examples- (Ixxix)

Rfidudion.

IX) iteduce 11 cwt. to oz. ; 17 lb. to dr. ; 5 tons to lb.

(2) Eeduce 6 tons 7 cwt. to oz. ; 15 tons 2 qr. to lb.

(3) Reduce 3 cwt. G^b. 5 oz. to dr. ; 3 tons 15 cwl. 71b. to lb.

(4) Reduce 47G3 oz. to cwt. ; 3749 lb. to tous,

(5) Reduce 7432 oz. to cwt. ; 247294 dr. to cwt.

Addition.

lb.
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euce fco the ounce and pound Troy of the old table, be-

cause the former are used by wholesale dealers in drugs

and medicines. In prescribing, many physicians still

employ the scruple 3, of 20 grains, and the drachm 5,

of 60 grains,

159. 2. Pleasures of Capacity.

60 Minims make 1 fluid di'achm, written fl dr.

,

8 Fluid Draclims 1 fluid ounce, fl oz.,

20 Fluid Ouuces 1 pint, 0,

8 Pints 1 gallon, C.

Note.— is a contraction for Octavus or eight, and C for

Congias, a Roman licpiid measure.

The relation of the measures of capacity to tliose of

weight in these tables is given by the definition

that 1 Minim is the measure of -91 Grain of Water.

The connection may be better remembered by the old

rhyme.
A Pint of Water
Weighs a Pound and a Quarter.

160. Multiplication of Compound Quantities when
the multiplier contains a fraction. (See page 128).

Examples. (Ixxx).

Multiply

, (1) 3 cwt. 2 qr. 12 lb. by 3f (2) 6 lb. 5 oz. 4 dr. by 2^

(3) 4 mi. 3 fm-. 10 po. by I'Si (4) 15 yd. 2 ft. 3 iu. by 43|
(oj 37 ac. 3 ro. 8 po. by 4 1^,- (6) 25 ac. 2 ro. 15 po. by 29|
(7) 27 sq. yd. 7 sq. ft. 3G sq. iu. by 2 j.

161. Division of Compound Quantities when the

divisor contains a fraction. (See page 128).

Examples. (Ixxxi).

Divide

(1) 5 cwt. 2 qr. 11 lb. by 2| (2) 7 lb. 4 oz. 14 dr. by llj

(3) 7 mi. 2 fur. 12 po. by 4i\- (4) 17 yd. 1 ft. 3 iu. by 5.V

(5) 25 ac. 2 ro. 12 po. by A} (6) 14 ac. 3 ro. 8 po. by 85-

(7j 107 sq. yd. 4 sq. ft. 132 sq. iu. by 18g.
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162. XVII, Fractional Measures.

Ex. (1). How mauy shillings and j^ence are there in

1^ of a pound ?

f of a pound = | of 20 shillings.

= 12s. Gd.

Ex. (2). Find the value of
-f-

of £15 5s. 8d.

i of £X5 5s. 8d. = 3 times } of ^15 5s. 8c?.

x= 3 times £2 8s. 8d.

= £6 lis.

Or thus

;

15

7 45 . 17 .

^6 . 11 =

Ex. (3). Find the value of 2f of ^^ of 5 acres.

2| of -^2 of 5 acres =^ \^ of 2% of 5 acres.

of 5 acres.
11X3
4X22
I of 5 ac.

V- ac.

1 ac. 3 ro. 20 po.

Examples. (Ixxxii).

Find the value of the following :

(1) f of £1 ;
-a
of £2 10s.

; f of £5 18s. 5d.

(2) i of a mile
; t\ of an acre

; | of a cwt.

(3)
2i of £54 9s. 8d. ; 3 ,\ of half-a-gninea

; § of 3| of a

mile.

(4) f of I of l-i\- of 1| of 2470 guineas
; | of i of 4^

gnineas.

(5) f of £1 + f of Is. + I of 16s. 4c?.

(6) ^ of igl + i of 2s. Gd. + 7 of a guinea.

(7) f of 5 ac. 3 ro. + § of 7 ac. 2 ro. 20 po. + | of S ro. 15

po.

(8) -^ of a year 4- u'e of a week + Va of an hour.

(9) "A- of a mile + | of a fm-long + | of a yard.
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(10) f of 2 cwt. 3 qr. + ^ of 5 cwt. 3 qr. 14 lb. + | of 7^ lb.

163. The following are examples of an operation

which is the converse of that just explained.

Ex. (1). Express 14s. Id. as the fraction of £f).

14s. 7rf. = 175rf., and ^5 = 1200^?.;

NowlcL=T2Wofl200^.
.-. 175rf. is -,¥oV of 1200.

Hence the fraction required is -iWr> or -^4V> or -j'g-

Ex. (2). Express 6 lb. 5 oz. avoird. as the fraction of 3 lb.

12 oz.

6 lb. 5 oz. = 101 oz., and 3 lb. 12 oz. = 60 oz. ;

•. the fraction required is -HjV'

Ex. (3) Express f of 5s. 9'Z. as the fraction of 4s. Id.

5s. 9t^. =69ci and 4s. ld.--=55d.

.'. 6s. M. is U of 4s. Id.

.-. f of 5s. 9d. is f of 1 1 of 4s. Id.

.•. the fraction required is ^-—-j- or |-|.
» 3x55

Ex. (4). Express ?- of 2 ^ of 5 ac. 3 ro. as the fraction of ^-

of 14 ac. 2 ro.

5 ac. 3 ro. = 23 roods, and 14 ac. 2 ro. = 58 roods

;

.-. fraction reqmred is (f ofV of 23) -f- (f of 58)

;

3x14x23x5 2X23 >'>
or — or or s-^.7X5X3X58 58 39

Note.—There are several modes of demanding the

operation explained in the foregoing examples. Thus
the demand

F/xpress 3 shillintjs as the fraction of 6 shillings, may
be put.iu the following terms :

(1) Reduce 3 sliillings to the fraction of 6 shilhngs:

(2) Wliat part of 6 shillings is 3 shilhngs ?

(3) What fraction of 6 shihings is 3 shilhngs?

(4) If 6 shillings be the unit, what is the measure of 3
shillings ?

Examples (Ixxxiii).

(1) Express l\d. as the fraction of Gs. S\d.

(2) Express £10 5^. 4d. as tlio fraction of £i\ Gs. 5a!.

(3) Express 5s. Gd. as the fraction of a guinea.

(4) Reduce 9s. lO.Jr/. to the fraction of liJs. 2](i.

(5) Reduce 2 days 3 hrs. 5 min. to the h-action of a week.
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(6) Reduce 2 roods 20 poles to the fraction of an acre.

(7) What fraction is 8 lb. 1 oz. 19 dwt. 9 gr. of 13 lb

7 oz. 5 dwt. 15 gr. ?

(8) What part of 2 qr. 10 lb. 7 oz. 9 dr. is 1 qr. 7 oz.

13 dr. ?

(9) What fraction of 4 lb. 1 oz. 8 dwt. 15 gr. is 1 lb. 1 oz.

9 dwt. 15 grains. ?

(10) If the unit of measurement be 2^ yd., what is the
measure of 2| ft. ?

(11) If the unit of measurement be 5 inches, what is the
measure of -^4^ of a mile. ?

(12) What fraction of 2 ac. 37 po. is 8 ac. 2 ro. 1 po. ?

XVIII. Decimal Measures.

164. Eeduction of Decimals.

Ex. (1). How many shillings and pence are there in

•375 of a pound ?

•375of ^l=:(-375 X 20)3.

=7'5s.

and •5ofls.=(-5xl2)d.
= 6d.

.-. -375 o{£l = 7s. 6d.

The operation is performed more briefly thus

;

£
•375

20

8. 7-500

12

d. 6-000

Ex. (2). Find the value of 3-16875 of £1,

J8-16875
20

«. 3-37600

12

d. 4-50000

4

q. 2-00000
.-.^63- 10875 = ^3. 85. 4^
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Ex. (3). Find the value of -4250 of 125. M.
•4256 of 12s. 6d. = -4256 of 152d. = (-4256 X 152)d.

•4256

152

8512
21280
4256

646912
.'. Value required is 64*6912c?.

Ex. (4). Multiply 27 ac. 3 ro. 14 po. by -235.

ac.

27
4

po.

14

-111 ro.

40

4454 po.
•235

22270
13362
8908

40 1046-690

26 . 6-69 po.

ac. 6 . 2 ro. 6-69 po.

Ex. (5). Find the vahie of ^25 of £1

•25 of ^1 = ~- of £1 = U of ^1 -

Or thus

:

«. = 5«. l^d.

^•2555
20
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Examples- (lixxiv)

Find the value of

(1)
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Ex. (3). Express £3 5s. 2d. as the decimal of

£5 7*. M.
3.5.9 5.7.6
20 20

Now

65
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EXAMTNATIoy PAPERS.

I. Measures of Time.

(1) A sidfTcal rlay is less than a solar day by 3 minutes 56

seconds ; in how many days will the differeuco amount to

24 hours ?

(2) If SiVius, one of the biightest of the fixed stars, which
is probably 592200 times farther from the e:irth tlian the

Bun, were suddenly extinguished, for how long would it

appear to shine to the inhabitants of the earth, supposing

the sun's menu distance from the earth to be 91713000
miles, and that light fi'om the sun reaches the earth in 8 min.

18 sec. ?

(3) The exact length of the year being 365 days 5 hrs48
min. 49'7 sec, and computing time as at present, find the

error in 12000 years.

(4) The Globe, newspaper of Moiiday, 18th Jane, 1877,

bears the number 8505. Supposing the paper to have been
pubUshed every week day without intermission, and num-
bered conseciitively, give the day of the week, mouth, and
year, when No. 1 was published.

(5) There was a full moon on .June 26, 1858, at 9 hrs. 13

min. a.m. The interval between successive full moons has

since been on the average 29 days 12 hrs. 47 min. 30 sec.

;

how many full moous happened until December 31, 1873,

and when did the last take place within that period ?

II. Measures of Length.

(1) Reduce mi. 7 fur. 39 per. 5 yd-; 1 ft. 9 in to inches,

and show that the work is correct by changing it to miles.

&c.

(2) The fore wheel of a carriage, which is 11 ft. in circum-

ference, makes 718 revolutions more than the hind one in

going 7 miles ; find the cu-cumference of the hind wheel.

(3) A train, which travels at the uniform rate of 66 ft. a

second, leaves Toronto for Montreal at 6.2.5' a.m. ; when will

it reach Montreal, the distance being 333 miles ? At what
distance fi-om Montreal will ii meet a train which leaves

Montreal for Toronto at 8 i m., and travels one third faster

than it does ?

(4) From Ephesus to Cnnaxa, Xcnophon with the army of

Cyrus marched IGOoO stadia of 202 yards 9 inches each in 93

days. Find the avera(,-e length of a day's march in miles

and yards.
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(5) How many strokes of his legs must a person on a

bicycle give in going 2G miles, supposing each wheel to have

a circumference of 3;^ yards, and that 2 strokes tarn the

wheel once ro^^ud. ?

m. Measures of Surface.

(1) If the magnitude of the lineal unit be given, what are

the corresponding units of area and volume ? Exemplify,
when the lineal unit is 12 inclies.

(2) If a halfpenny piece be one inch in diameter how
many can be laid in rows touching each otlier on a table

which is 7 feet 6 inches long and 3 feet 4 inches wide ; and
what is their amount ?

(3) Divide 17ac. 2r. 38per. 19yds. 7ft. 45in. among A, B,
and 0, giving to B as much again as to A and to C f of what
A and B got.

(4) If 68 bales of linen contain 67048 yards, and each bale

3ontains 34 pieces, and each piece the same number of yards
how many yards are there in each piece ?

(5) If the pressure of the atmosphere at the surface of the
earth, when the barometer stands at 30 inches, be 15 lbs. on
the square inch, what is the pressure in pounds on the
surface of the human body, supposing it to be 15 square
feet? What would be the difference of the pressure when
the barometer stands at 29 inches?

IV. Measures of Capacity.

(1) What will 2 bushels 3 pecks 3 quarts of strawbemes
amount to at 12^ cents per quart ?

(2) A laborer dug 130 rods 4 yards 2^ feet of ditcliing at

32^ per rod, for which ho is to take SlOO in cash, and wheat
at 87i cents per bushel. To what qnautity of wheat will he
be entitled?'

(3) A grocer exchanged 29 gal. 8 qt. 1 pt. of brandy, at

43:1 cents per gallon, tor rye at 31} cents per bushel. A^Tiat
quantity of rye did he thus attain ?

(4) I wish to put 111 bu. 2 pk. 4 qt. of grain into bags
that shall contain 2 bu. 1 pk. 4 qt. eacli ; how many bags
will be required ?

(5) A farmer had a fifl<l of corn, consisting of 129 rows,
and each row contained 95 hills, and eaeli hilf had on an
average 4i ears of ci>rii ; if it takes 8 fars of corn to make a
quart, what is the produce of the field worth at 45 ceuts pei
bushel ?
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V. Measures of "Weight.

(1) If John buy, by Avoirdupois weight, 12 lb. of opium
at 37^ cents, per ounce, and sell by Troy weight at 40 cents

per ounce, should he gain or lose by so doing, and hoM
much. ?

(2) A person purchases goods at the rate of S1.80 pei

pound Troy weight, and sells them again by Avoirdupois
weight ; at what rate must he sell per ounce so as exactly to

reimburse himself. ?

(3) By multiplying a certain weight by a whole number
the result is 8 lbs. 20 grains Avoii-dupois weight, and by
multiplying the same weight by another whole number the

result is 8 lbs. 11 oz. 16 dwts. 16 grs. Find the weight.

(4) A row of cent-pieces is laid fz'om Toronto to Hamilton.
Find their weight, the distance being 39 miles 1 fur. 1 per.

and 9 in.

(5) Find the value of 500 times the difference between an
eighty-fourth part of 2^ cwt. and a thirtieth part of 1 cwt.

qr. 3 lb. (28 lbs. to the quarter.)

XIX. Practice.

166. Practice is the name given to a method by
which we find the cost of any number of articles of the

same kind when the price of one is given, or the cost of

any quantity of goods of mixed denominations, when the

cost of a single unit of any denomination is given.

I. Simple Practice.

When the articles are of the same kind or denomi-

nation.

Ex. (1). Suppose I have to find the cost of 2478

articles at 3s. 4(f. each.

Knowing that 3s. Ad, is one-sixth part of £1, 1 reason,

thus : if the ai'ticles had cost £1 each, the total cost

would have been £2478 ;

.-. as they cost J of £1 each, the cost will be £^~, or £413

The process may be written thus :

8s. id. is i of £li£2478 = cost of the articles at £1 each.

£413 = cost of the articles at Ss. 4d. each.
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Ex. (2). Find the cost of 2897 articles at £2. 128.M.
each.

£ s. d.

£2 ia 2 X ^11 2897 . 0.0 = cost £1 each.

105. is ^ of i'l

2a. is 4 of 10s.

8d. is I of 2s.

Id. is I of 8d.

6794 . 00
1448 . 10
289
96
12

14
11

1

0= £2.
= 10s.

= 2s..

4 = 8d..

5 = Id..

£76i0 . 16 . 9 = costat;£2.12s.9d. each

Note.—A shorter method would be to take the parts

thus:

10s.= i of £1 ; 2s. 6d.= i of 10s. ; 3d. = ^ of 2s. ed.

Ex. (3). Find the cost of 425 articles at £2. 18.?. 4(f.

each.

Since £2. I85. id. is the difference between £3 and
la. 8d. (which is ^\^ of £1), the shortest course is to find

the cost at £3 each, and to subtract from it the cost at

Is. &d. each, thus :

£ ». d.

^3 is 3X£1 425 . 0.0 = cost at £1 each.

Is. 8d. is^', of£l] 1275
35

=
4 =

.£3

.Is. 8d. each.

£1239 .11.8= cost at £2 ISs. 4d. each.

Ex. (4). A bankrupt pays 6s. l\d. in the pound

:

what is the dividend on a debt of £3G2. 15s. ?

£ s. d.

5s. is i of £1 362 . 15 . = amount of debt.

Is. is 1 of 5s.
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The cost at. £1 each is £784. 10«.

784 . 10 . = cost at £1 each.
2

10s. is I of £1
2s. is J of 10s.

lOd. is x'i of 10s.

1569 . . = £2 each.
392 , 5 . = 10s

78 . 9 . 0= 2s

32 . 13 . 9= J'J

£2072 . 7 . 9= cost at £2. 12s. lOd. each.

167. "^e fractious of a Unit, wliich have for their

numerator Unity, are called A i^iquot Parts of the unit.

Thus 5."?., being \ of £1, is an aliquot part of a pound

;

anil 5 lb. being ? of 1 qr.. is an aliquot part of a quarter.

Exainples- (Ixxxvi)

Find the cost of the followinsr articles

:

2175 at X-2. 15s. i\d.

4276 at £12. Up. Ud.
36S9i at £16. 12s. M.

(1) 4.S21 at £1. 17.«. 3|d. f2)

(3) 3768^ at £1. 7s. 4^-/. 4)

(5) 5783 at £14. 9s. nU. (6)

(7) 7483 at £22. 13s. %d.
(8) What is the cli-vdclend nn £4284. 10s. at 5.':. 6c/. in the £ ?

(9) What is the dividend on £4;J75 at 3.":. 4ia. in the £?
(10) What is the dividend on £3729. 18s. M. at 7s. 9^'i. in

the £ ?

II. CoriPOXTND Practice.

Ex. (1). When we have to find tlie cost of a quantity

of goods of mixed denomination (as 14 c.vt. B qr. 17 lb.),

the cost of a single unit of one of the denominations being

given (as £3. 7s. 6c7. per cwt. of 1 1 2 lbs.) we proceed thus

:

, £. f: ti.

14 owt. is 14 X 1 cwrJ 3 . 7 ^. - ^ ,.«. np i cw*

6 . K

2 qr. is ^ of 1 rv/t.

1 qr. is \oi2. qr.

141b. isioflqr.
21b.is|ofl4 1b.

lib. is i of 2 lb.

147 . 5 .
I- = cost of 14 cw

1 . 13 . 9 ^ 2qr.
16 lOi = 1 (\v.

\
8 . 5i = 14 1b.

1 . 2i|=: 2 1b.

I 711= 1 Jb.

£oO ifUA— cost of 14cwt.3qr.171b.
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Ex. 2. What is the rent of 12 ac. 8 ro. 26 po. at

£3. 5s. an acre ?

s. d
5.0 = the rent of 1 acre-12 ac. is 12 X 1 ac.

2ro.
1 ro

is i of 1 ac.

is ^ of 2 ro.

is ^ of 1 ro.20 po. IB f oi 1 ro.

6 po. is ^ of 20 po.

1 po. is J of 5 po.

3 .

)9 .

1 . 12

16

6

3
1-5

12 ac.

2ro.
Iro.
20 po.

0-375= 5 po.

4-875= 1 po.

£41. 19. 3-75 =therentofl2a.3r.26p.

Note.—When the divisor is any number less than 12

(except 7) it is desirable to employ decimals, instead of

vulgar fractions, to express the result of the division

after the line of pence.

Examples, (ixxxrli)

(1) 5 ac. 3ro. 4 po. 4^ yd. at £10 per rood.

(2) 12 cwt. 3 qr. 22 lb. 12 oz. at £3. 18.5. 2J. per cwt.

(3) 10 ac. 3 ro. 26 po. at £2. 18s. iOfd. per acre.

(4) 6 tons 12 cwt. 3 qr. lO^lb. at £3. 14s. 8^d. per cwt.

(5) 63 cwt. 3 qr. I7i lb. at 12 guineas per cwt.

(6) 29 ac. 3 ro. 5 po. at 100 guineas per acre.

(7) 16 oz. 6 dwt. 20 gr. at £3. 17s. Gd. per oz.

(8) 25 ac. 1 ro. 10 po. at X'42. 2s. 4cZ. per acre.

(9) 13. cwt. 3 qr. 17 lb. at .£22 8s. per cwt.

(10) 319 cwt. 3 qr. 16 lb. at £2. 12s. Gd. per cwt.

Invoices and Accounts.

168. An Invoick is a statement in detail, sent by a
Seller to the Buyer at the time the goods are deUvered
to the Buyer, of the quantity, description, and price of
the goods.

An Account is a ptatcmonfc sent by tlie Seller to the
Buyer at the end of a ter)n of credit, shewing the totals

and dates of each Invoice and the sum total of the
whole.
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Each separate article or amount in an Invoice or an
Account is called an Item.

A Detailed Account is a full statement, sent by the

Seller to the Buyer at the end of a term of credit, shew-
ing the dates of delivery, the quantities, description,

prices, and sum total of the goods delivered by the Seller

to the Buyer during that term of credit.

When an account has been made out it is rendered,

i.e., sent in to the Buyer.

Specimen of an Invoice,

Toronto, June 20, 1877.

John Smith, Esq.,

Bought of J. Jones & Co., 21 Front-st.

5 lbs. of Tea at 75 cts.

8 lbs. of Loaf Sugar... at 12^ cts

2i lbs. of Butter at 30 cts.

$



COMPOUND PBACTICE. 153

Specimen of a Detailed Accoxint.

Toronto, July 21, 1877.

John Smith, Esq.,

To J. Jones & Co., 21 Front- st.

1877
Junew20

" 20
" 20

June 23
" 23

July 3
" 3

July 12
". 12
" 12

5 lbs. of Tea at 75 cts.

8 lbs. of Loaf Sugar... at 12^ cts.

21 lbs. of Butter at SO'cts.

Ibbl. of Flour at $6
18 lbs. of Cheese at 10 cts.

12 lbs. of Biscuit at 15 cts.

6 jars of Pickles at 30 cts.

1 gal. of Coal Oil 37 cts

8 lbs. of Sugar 11 cts

8i-lbs. Kaisins 12 cts

$
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XX. Problems.

169. The Unitary Method, which is rapidly displac-

ing the Kule of Three, will be gradually explained in

this and the succeeding Sections.

Ex, (1). II' 28 bullocks cost ^483, what is the cost

of 1 bullock ?
^

Since 23 bullocks cost $483,

1 bullock will cost %^^ or $21.

Ex. (2). II 7 men do a piece of work in 12 days,

how long will it take 1 man to do it ?

Since 7 men can do the work in 12 days,

1 man can do the work in (7 X 12) days, or 84 days.

Ex. (3). If 28 men do a piece of work in 42 days, in

how mauy days can 21 men do it ?

Time for 28 men to do the work = 42 days.

1 man " " = 28 X 42 days.

" 21 men " " ^ 28 X 42 ^
21

-^

= 56 days.

Ex. (4). If 75 men finish a piece of work in 12 days,

how many men will finish it in 20 days ?

In 12 days the work is done by 75 men.

In 1 day the work is done by (12 X 75) men,

In 20 days the work is done by ——— men, or 45 men.

Ex. (5). A banla-upt's debts are |2520, and his assets

(that is the value of his property) are $1890 ; what can

he pay in the dollar.

In the place of $2520, he can pay S1890,

In the place of 11, he can pay S^l^ or $J, or 75 cts.

;

.•, he pays 75 cents, in the dollar.

Ex. (6). A bankrupt's debts are £4264, and he pays

12if. Qd. in the pomid ; what are his assets ?

That which he has to meet a debt of £1 is 12^s.

That which he has to meet a debt of ^4264 is (4264X 12i>-.

;

.'. his assets are -— J^— s, or i'2665.
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Ex. (7). If 27 men can do apiece of work in 14 days,

working 10 hoiirs a day, how many hours a day must
12 men work to do the same in 45 days ?

Since 27 men can do the work in (14x10) hours, or 140
hoiu-s,

1 man can do the work in (27x140) hr.

.•. 12 men can do the work in "^^ ^^^ hr., or 315 br.

Now 315 hom-s have to be distributed equally over 45 days;

.*. the number of hours they work each day =^ or 7.

Ex. (8). n 7 lbs. of tea cost $5.60, what will be the

cost of 12 lbs. ?

Since 7 lb. of tea cost $5.60,

1 lb. of tea costb ^f^^, or 80 cts.,

.-. 12 lb. of tea cost 12 X SOcts. or 89.60

Ex. (9). If 9 horses can plough 46 acres in a certam
time, how many acres can 12 horses plough in the same
time ?

Since 9 horses can in the given time plough 46 ac,

1 horse can in the given time plough *-^ ac.

.•. 12 horses can in the given time plough l?.^ 1? ac,

or 61^ ac.

Ex. (10). K 15 horses can plough a certain quantity

of laud in five days, how many horses will be required

to plough it in three days ?

In 5 days the land can be ploughed by 16 horses

;

T^n 1 day the land can be ploughed by (5x15) horses;

5 X 15
In 3 days the land can be ploughed by

—

-^ , or 25 horses.
o

Note I.—In simple questions of this kind we h&ve a
fuppusition and a demand. Each contains two kinds of

things ; in the supposition the magnitudes of hoth. kinds

are given ; in the demand a magnitude of one kind is

given, and the appropriate corresponding magnitude of

the other kind has to be found. The first line of the

solution contains the magnitudes of the supposition 8C
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arranged, that at the end of the linfi v)e have that kind of
thing, of which the magnitude is required in the demand.

Thus in Ex. (lU) the order of the supposition is

changed, and the magnitude, 15 horses, put at the end
of the Une, because we have to find how many horses

will be required in the demand.

Examples- (Ixxxix)

(1) If a man walk 62 miles in 4 days, in how many days
will he walk 93 miles ?

(2) If 12 men reap a field in 4 days, in what time will 82
men reap it ?

(S) If 350 acres of land cost $61250, what will 273 acres

cost ?

(4) How many men can perform in 12 days a piece of

work which 15 men can perform in 20 days ?

(5) The rent of 17 acres is $297, what is the rent of 86
acres ?

(6) If a man walk 116 miles in 8 days, how far will he
walk in 14 days ?

(7) A farmer sells a flock of 270 sheep at $240 a score,

what does he get for them ?

(8) A servant's wages being ftl08 per annum, how much
ought she to receive for 7 weeks ?

(9) A clerk's salary is ^191. 128. 6d. per annum; what
ought he to receive for 60 days service ?

(10) A ship performs a voyage iu 63 days, sailing at the

rate ofG knots an hour ; how loug would it take her, if she
Bailed kt the rate of 7 knots an hour ?

(11) A bankrupt's effects are worth $860, and his debts

are $1300 ; what does he pay in the dollar ?

Note II.—To one of the magnitudes in a supposi-

tion there is a corresponding magnitude of tlie same
kind in the demand, and these magnitudes must be ex-

pressed in units of the same denomination.
Ex. A man walks 1 m. 1 for. 7 po. in 20 minutes ; how

Ions' will he take to walk 41 ra. 2 nir. 12 po. ?

Here 1 m. 1 fur. 7 po. = 367 poles,

and 41 m. 2 fur. 12 po. = 13212 poles.

Then he walks 367 poles in 20 minutes

;

he walks 1 pole in -^f min.

;

he walks 13212 poles in liLy^-ii^o ^{^^^^ qj. 720 mio.
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txampies (Ixxxix)

—

continued.

(12) If 3 bushels of wheat be worth $3.50 v.hat is the

worth of 43 qr. 6 bus. ?

(13) If 15 yards of silk cost SG.75 how much will 20 yd,

1 ft. cost ?

(14) If 3 cwt. 3 qr. cost §27, what will be the cost of

2cwt.

(15) If 2 cwt. 3 qr. 7 lb. cost £5 17s. 8^d. what is the

cost of 9 cwt. ?

170. Problems invnlvinrf Fractions.

Ex. If 5 of an estate be worth §1500, what is the

value of f of the estate ?

Since
f-
of the estate is worth $1500,

I of the estate is worth $^^.

. . the estate is worth gliil?^ or $3500,

Hence i of the estate is worth $*ii|i^ or 82800.

Examples (xc).

(1) If f of an estate be worth $7520 ; -what is the value of

I of the estate ?

(2) A persons owns | of a ship and sells f of his share for

51260 ; what is the value of the ship ?

(3) If 3f lb. of tea cost 15s. Hd. how much can I buy for

i'4 3s. lO^i.

(4) If -jV of a piece of work be done in 25 days, how much
will be done in 1 1 -| days ?

(5) A man walks 18 m. 2 fur. 26 po. 3f yd. in ^^ hours.

How long doe.'i he take to walk a mile and a half?

1

(6J A gentleman possessing -,V of an estate sold } of-^

of liis share for $603. 12i ; what woxild } of -,V of the estate

sell for at the same rate ?

(7) If the caniage of 15"5 cwt. of goods for 60 miles cost

$3.10, how far ought 3.25 cwt. to be earned for tlie same
monej' ?

(8) Wliat is the value of -iV of -i^_,- of a vessel, if a person
who owns -]\ of it sell ^ of I of his share for $ 1 40(j.

(9) When the ounce of gold is worth .£380, what is the
cost of .04 lb. ?
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(10) If the price of candles 8| inches long be Qd. per
half-dozen, and that of candles of the same thickness and
quality 10| inche's long be lid. per half-dozen, which kind
do yon advise a person to buy ?

(11) If the carriage of 60 cwt. for 20 miles cost il4^,
what weight can be carried the same distance for ^5^^^ ?

COMPLEX PROBLEMS.
171. We now proceed to cases in which the suppo-

sition, expressed in the simplest form, contains more
than two magnitudes, the demand containing the same
number of magnitudes, all of which are given, except

one, which has to he foimd.

Ex. (1). If 12 horses can plough 96 acres in 6 days, how
many horses will plough 64 acres in 8 days ?

In 6 days 96 acres can be ploughed by 12 horses.

In 1 day 96 acres can be ploughed by 6x12 horses.

In 1 day 1 acre can be ploughed by * ^ ^^ horses.

In 8 days 1 acre can be ploughed \)j •-iLM horses.

In 8 days 64 acres can be ploughed by g*^«^^a horses
8X9 6

.'. the number of horses required is 6.

Ex. (2). If 35 bushels of oats last 7 horses for 20 days,

how many days will 96 bushels last 18 horses ?

85 bushels last 7 horses for 20 days.

1 bushel lasts 7 horses for^ days.

1 bushelJasts 1 horse for ^ ^ j^" days.m 36-
96 bushels last 1 horse for *^^t^^o days.

96 bushels last 18 horses for »*^^^^'" days.

.*. the number of days is 21^.

Examples- (xci)

(1) If 40 acres of grass be mowed by 8 men in 7 days,

how many acres will be mowed by 24 men in 28 days ?

(2) If $60 will pay 8 men for 5 days' work, how much
will pay 32 men for 24 days' work ?

(3) If a regiment of 939 soldiers consume 351 quarters of
wheat in 168 days, how many soldiers will consume 1404
quarters in 56 days ?
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(4) If two horses eat 8 bushels of oats in 16 days, how
many horses will eat 3000 quarters in 24 days ?

(5) If a carrier receive $12 for the carriage of 3 cwt. for

150 miles, how much OTight he to receive for the carriage of

7 cwt. 3 qr. 14 lb. for 50 miles ?

(6) If I pay $1.50 for the carriage of 2 tons for 6 miles,

what must I pay for the can-iage of 12 tons 17 cwt. for 84
miles ?

(7) If 3 men earn $15 in 4 days, what sum will 18 men
earn in 16 days ?

(8) How many bushels of wheat will serve 72 people 8
days, when 4 bushels serve 6 people 24 days ?

(9) If a man travel 150 miles in 5 days when the days are

12 hours long, in how many days of 10 hours each will he
travel 500 miles ?

(10) If the carriage of goods weighing 5 cwt. 2 qr. 12 lb.

for 150 miles come to $15.70, what will be the charge for

carrying four waggon-loads of the same, each weighing 7 cwt.

qr. 2 lb., the same distance, there being 112 lbs. in the
cwt. ?

(11) If $120 pay 16 labourers for 6 days, how many
labourers at the same rate will $270 pay for 8 days ?

(12) If the gas for 5 burnei-s, 5 hours every day, for 10
days, cost $1.20, how m.aay burners may be lighted 4 hours
every evening for 15 days at a cost of ^21.60 ?

(13) If a travelling party of three spend $190 in 4 weeks,
how long will $475 last a travelling party of five at the same
rate ?

(14) If it cost $120 to keep two horses for five months,
what will it cost to keep three horses for eleven months ?

(15) If it cost £29. 7«. 6d. to keep 5 horses for 6 weeks,
how long may 3 horses be kept for £20. lis." Sd. ?

(16) If 5 men can reap a field of 12i acres in 3J days,
working 16 hours a day, in what time can 7 men reap a field

of 15 acres, working 12 hours a day ?

(17) If 858 men in 6 mouths consume 234 quarters of
wheat, how many qiiarters will be required for the consump-
tion of 979 men for 3 months and a half ?

(18) The wages of 5 men for 6 weeks being $315, how
many weeks will 4 men work for $231 ?

(19) If 7 men mow 22 acres in 8 days, working 11 hours
a (lay, in how many da.y8, working 10 hours a day, will 12
men mow 860 acres ?
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(20) If 10 horses consume 7 bus. 2 pk. of oats iu 7 days, in

wliat time will 28 horses consume 3 qr. 6 bus. at the same
rate ?

(21) If 44 cannon, firing 30 rounds an hour for 3 hours a
day, consume 300 barrels of powder in 5 days, how long will

400 banels last 66 cannon, firing 40 rounds an hour for 5

lionrs a day ?

(22) If the wages of 29 men for 54 days amount to £'80 9s.

Gd. how many men must work 12 days to receive £407 ?

(23) Wliat must I pay for the hire of 4 horses for 5

months, if I pay £18 for the hire of 3 horses for a month ?

172. Problems relating to Work done in a certain time.

Note. I.—If a man can do a piece of work iu 7 hours,

the part of the work which he can do in 1 hr. will be
represented by i,

Ex. (1) A can do a piece of work in 6 days, and B
can do it in 12 days. How long will A and B, working
together, take to do the work ?

Here \ represents the part A does daily,

and -iV represents the part B does daily
;

.'. \ + "tV represents the part A and B do daily
;

.'. theyde tu ^^ 1 flay;

.-. they do -gV in nV day

;

.•. they do the whole work in -f?- days, or 3^t days

Ex. (2). A can do a piece of work in 50 days, B in

60 days, and C in 75 days. In what time will they do

it, all working together ?

Here j^, + g^) + ih represents the part they do aaily

;

.
•. they do ^-^l^, or ^'A, or ^^ daily;

.
•. they do the work in 20 days.

Ex. (3) A can reap a field in 4i days, and B can
reap it iu 5-| days. How long will they take to reap it,

working together. 15.
A does -7^ or 7^ daily.

1 3
B does Fj- or y^- daUy,
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.*. together they do -^ + -iV) or ^{^ daily

;

.•. they do xst of the work in j^-g- day :

.-. they do the work in -ffJ days, or 2-,\^8 days.

Es. (4). A aud i? do a piece of work in 4 hours ; A
and O in 3t hours ; B and C in 5| hours. In what
time can A do it alone ?

A and £ can do ^ in an h^ur.

A and C can do -^g in an hour.

. two men of A's strength, assisted by B and C can do

5 + i\ in an ho-ur.

Now B and G can do 3^ in an hour.

.•. two men of A's strength can do ;^ + A"— aV in an hour,

or if-^B, or i|, or ^ in an hour
;

.*. A can do
-J-
in an hour

;

.*. A can do the work in 6 hours.

Note II.—If a tap can nil a vessel in 5 hours, the

part filled by it in 1 hour will be represented by ^.

Ex. (1). A vessel can be filled by three taps, run-

ning separately, in 20, 30, and 40 minutes respectively.

In what time will they fill it when tliey all run at the

same time ?

They fill -2V + 3^ + 4^0 of the vessel in 1 minute
;

.-. they fill l±*-±-£, or '3 in 1 minute
;•' 120' 1-0

.•. they fill i4o ^^ ih of a minute
;

.•. they fill the vessel in -"-1-3- or 9 1^3 minutes.

Ex. (2). A bath is filled by a pipe in 40 minutes. It

is emptied by a waste pipe in an hour. In what time
will the bath be full if both pipes be opened at once ?

One pipe fills -4V of tlie bath in a minute.

The other empties ^^ of the bath in a minute.

-•. when both are running, iTj — -^o, or i^js 01 the bath is filled

in a minute

;

.•. the bath is filled in 120 minutes.

Examples, (xcii).

(1) A can do a piece of work in 6 houi's; B can do it in

9 hours. Tr, what time will they do it if they work together ?
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«2) A can do a piece of work in 35 days ; B can do it in

40 days ; C can do it in 45 days. In vrhat time will they do
it, all working together ?

(8) A and B can reap a field of wheat in 3 days ; A and
C in Sir days ; B and C in four days. In what time could

they reap it, all working together ?

(4^ If three pipes fill a vessel in 6, 8, and 12 minutes
respectively, in what time wul the vessel be filled when aU
three are opened at once ?

{5) A does ^ of a piece of work in 14 days. He then
calls in B, and they finisii the work in 2 days. How long
would B take to do the whole work by hiin5eif ?

(6) A does a piece of work in 3 liotirs, which is twice the

time B and C to>re;her t'ike to do it ; A and Ccoald together

do ii in IJ^ hours. How long would B alone take to do it T

1^7) A can do a piece of work in 27 days, and 5 in 15
days; A works at it alone for 12 days, B then works alone

5 days, and then C finishes the work in 4 days. In what
time could C have done the work by himself?

(S) A cistern is filled by two pipes in 18 and 20 minutes
respectively, and emprled by a tap in 40 minutes ; what park

of it will be filled in 10 minutes when all are opened at the

same instant ?

173. Pr^Ieins reZ<i/i;i*7 tc> Clo-cAs.

The miniite-iiand moves 12 times as fast as the honr-

hand, and therefore in 12 minutes the minute-hand
gaius 11 minute-divisions on the hour-hand.

Ex. (1). Find the time between 3 and 4 o'clock when
the hands of of a watch are together.

At 3 o'clock there are 15 minute-divisions between the
hands : we have therefore to find how long it will take the
minute-hand to gain 15 minute-divisions on the hour-hand.

Theminute-hand guins 11 minate-divisions in 12 minutes;
1 minute-division in if minntes

;

15 minute -divisions in—^-^— min.

;

.*. the time required is ——— min., or lO-rr niin. past 3.

Ex. (2). At what time between 2 and 8 are the hands
of a dock at right angles to each other ?

When the hands are at right angles there is a spacg

of 15 minute -divisions between them.
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Hence, since at 2 o'clock there are 10 minute-cli%'is-

ions between the hands, we have to find how long it

will take the minute-hand to gain 10 -f 15, or 25 min-
ute-divisions on the houi'-hand.

The minute-hand gains 11 minute-divisions in 12 minutes
;

1 minute-division in -fy minutes

;

25 minute-divisions in --—-^ min.

;

.*. the time required is —j-r— min., or 27y\ min. past 2.

Ex. (3). At what times between 6 and 7 are the
hands of a clock at right angles to each other ?

Twice between 6 and 7 this will occur : first, before

the minute-hand has overtaken the hour-hand ; second-
ly, after the minute-hand has passed the hour-hand.

Now, since at 6 o'clock there are 30 minute-divisions

between the hands, we have to find :

First, how long it will take the minute-hand to gain
30— 15, or 15 minute-divisions on the hour-hand.

Secondly, how long it will take the minute-hand to

gain 30 + 15, or 45 minute-divisions on the hour-hand.

The process in each case wiU be similar to that in the
preceding examples, and the results are W^ min. and
49yY iiihi. past 6.

Ex. (4). Find the time between 7 and 8 o'clock when
the hands of a watch are opposite to each other.

When the hands are opposite there is a space of 80
minutes between them, and at 7 o'clock there is a space

of 35 minutes between the hands.

Hence in this case we have to find how long it will

take the minute-hand to gain a space of 35— 80, or 5
minutes on the hour-hand.

The process will bo similar to that in the preceding
examples, and the result is 5^ min. past 7.

Eramples- (iciii)

At what time are the hands of a watch together be-

tween the hours of
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(1) 4 and 5. (2) 6 aud 7. (3) 9 and 10 ?

At what time are the bauds of awatcli at right angles

to each other between

(4) 4 and 5. (5) 7 and 8. (6) il and 12 ?

At what time are the bands of a watch opposite to

each other between

(7) 1 aud 2. (8) 4 and 5. (9) 8 aud 9 ?

EXAMINATION PAPERS.

(1) If for a given sum I can have 1200 lbs. carried 36
miles, how many pounds can I have carried 24 iniles for the

same sum ?

(2) If i of a ship be worth S 13056, wliat is the value of g

of the ship ?

(3) A silver tankara weighs i il). 10 oz. ; what is its value,

when a dozen spoons, weighing o| oz. each, are worth |54 ?

(4) A man spends $61.60 ever}' 35 daj's, aud saves |400 a

year. What is his annual mcome ?

(5) When the income-tax is Gd. in the £ a man paj's

£15 7s. Gd. ; what is his income ?

II.

(1) A man s income is reduced from $2720 to $2640.66
when he has paid his income tax. A^liat is his tax on the
dollar ?

(2) If 10 horses and 132 sheep can be kept 8 days for

$202, what sum wiU keep 15 horses aud 148 sheep for the
same time, supposing 5 horses to eat as much as 84 sheep ?

(3) A man receives 75 cents in the dollar of what was due
to liiin and thereby loses #602.10. "Wliat was due to him ?

(4) If 15 men can perform a piece of w'ork in 22 days,
how many men will finish another piece of work 4 times as

large in a fifth part of the time ?

(5) If 72 men dig a trench in 63 days, in how many days
will 42 meujdig another trench three times as gi'eat ?

III.

(1) The wages of A and B together for 7+ days amount ta
the same sum as the wages of A alone for 125 days. For
how many days will the sum pay the wages of B alone ?
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(2) If 100 men can perform a piece of work in 80 days,
how many men can perform another piece of work thrice as

large in one-fourth of the time ?

(3) If 6 men or 7 women can do a piece of work in 87
days, how long will a piece of work twice as great occupy 7
men and 5 women ?

(4) Two persons, A and B, finish a work in 20 days,
which B by himself could do in 50 days. In what time
could A finish it by himself? How much more of the
work is done by A than B ?

(5) If a cistern when full of water can be emptied in 16
minutes by a pipe, and when empty can be filled by another
in 20 minutes ; if the cistern be fall, in what time can it be
emptied by both pipes being opened at the same time ?

IV.

(1) A and B can do a piece of work alone in 15 and 18
days respectively ; they work together at it for 3 days, when
B leaves, but A continues, and after 3 days is joined by G,

and they finish it together in 4 days. In what time would
C do the work by himself?

(2) If a man can do treble, and a woman double the work
of a boy in the same time, how long would 9 men, 15 women,
and 18 boys take to do double the work which 7 men, 12
women, and 9 boys complete in 250 days ?

(3) A and B walk to meet each other from two places 100
miles distant. A walks 6 miles an hour and B four miles
an hour. At what point on the road do they meet, and at

what two times are they fifty miles apart from each other ?

(4) A watch which is 10 minutes too fast at noon on Mon-
day loses 3 min. 10 sec. daily. What will be the time indi-

cated by the watch at a quarter past 10 on the morning of

the following Saturday ?

(5) A watch set accurately at 12 o'clock indicates 10 min,
to 5 at 5 o'clock. What is the exact time when the watch
indicates 6 o'clock ? If it indicated 10 minutes past 6 at 5
o'clock, what would be the exact time when the hands indi-

cated 6 o'clock ?

(1) A laborer agreed to work for 60 days on this condition :

that every day he worked he should receive 82, and for

every day he was idle, he should pay $1.50 for his board.
At the expiration of the time, he received $92. How many
days di^ he work ?
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(2) A piece of work can be done in a day of 11^ hours by
2 men, or 5 women, or 12 boys ; in what time could it be
done by 1 man, 2 women, and 3 boys together ?

(3) A cistern has two supplying pipes A and B, and a tap

G. When the cistern is empty, A and B are tui-ned on, and
it is filled in 4 hours ; then B is shut and C tui-ned on, and
the cistern is quite emptied in 40 hours ; when, lastly, A is

shut and B turned on, and in 60 hours afterwards the cistern

is again filled. In what time could the cistern be filled by
jach of the pipes A and B, singly ?

(4) A clock is set at 12 o'clock on Saturday night, and al

noon on Tuesday it is 3 minutes too fast. Supposing its

rate regular, what will be the true time when the clock

strikes four on Thursday afternoon '?

(5) A contractor engages what he considers a sufficient

number of men to execute a piece of work m 84 days ; but
he ascertains that three of his men do, respectively, |, \, and
^ less than an average day's work, and two others ^ and j\
more, and in order to complete the work in the 14 weeks,
he procures the help of 17 additional men for the 84th day.
How much less or more than an average day's work on th«
part of these 17 men is required ?

XXI. Simple Interest.

174. Interest is that which is paid by one, wlio bor-

rows money, for the use of the money.

The money lent is called the PEiNCiPAii.

The Borrower agrees to pay at what is called a certain

Eate of interest, wliich is usually reckoned by the sum
paid for the use of §100 for 1 year. Thus, if I borrow
$500 for 1 year, and agree to pay §25 for the use of the

money, I am said to borrow at the Hate of 5 per cent,

per annum, that is, I agree to pay $5 for the use of

every $100 in the loan at the end of the year.

The sum made up of the Principal and Interest

added together, is caUed the Amount at the end of the

time for which the money is borrowed.

175. The solution of questions relating to Interest

depends on precisely the same principles as those ex-

plained in the last Section, and it is only because of the
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necessity of explaining technical terms that tusre is any
occasion to separate this or the succeeding Sections

from Section XX.

For, just as we reason about the question

"\^niat must I pay for the hire of 4 horses for 5 months, if

I pay $18 for the hire of 3 horses for a month ?

so do we reason about the question

Wliat must I pay for the use of $550 for 3 years, if I pay
S5 for the use of $iOO for a year ^

Ex. (1). To find the Simple Interest on $2075 for

3 years, at 8 per cent., we reason thus :

Interest on $100 for 1 year is $8;

on SI for 1 year is Sy^TJ

!

on $2675 for 1 year is $ "
'^ ^ ^ ""

•

on $2675 for 3 years is $

1 00
3X2675X3

10 .'

.-. the interest is $642.

Hence we derive the following Rule

:

Muliiphj the Principal by the Rate per Cent., and the

result by the Time expressed in years, and divide the pjro-

duct by 100.

The process stands thus :

2675

21400
3

$642.00

.*. the interest is $()42.

Ex. (2). Find the interest on §3200 for 2 years and
7 months at 7.^ per cent.
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Since 7 months is yV of a year the time is 2yV years.

Interest on $100 for 1 year is ^7.50.

$1 for 1 yearis$7.L5^

$3200 for 1 year is S'^^f
~'-^

" $3200 for 2 j-V years is 2yV X ij)
^ ^"jU"^

rv 3 1J< 3 2 q X 7^5
<P 12 X 10

= S620;

.-. the interest is $620.

Ex. (3)", Find the interest on $101178 from January
28th, 1876, to Sept. 15th, 1876, at 6 per cent.

The number of days between January 28tli and Sept.

15tli is 281, and 231 days is 'j^l of a year.

Interest = -—
^ o|—- X If^- = $3841-992.

Note I.—In calculating the number of days between
two given days of the year, the rule is to include one oj

them onhj in the calculation. Thus from Jan. 4 to Jan.'

9 will be 5 days.

In the preceding example if we multiply numerator
and denominator by 2 we have

101178 X 2 X 231 •

730U0

Hence, in computing the interest for any number of

days, we have the following rule :

^lultiphj the Frinciixd by twice the rate, and the result

by the number of days and divide the product hy 73000.

When the Principal is not very large the division is

most readily effected by dividing the product by 8, tlie

quotient by 10, and the new quotient by 10, and adding

these quotients and the product together, and pointing

off five ])laces of decimals.
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Thus: Find the interest Oi 81000 for 121 davs at

H per cent.

$1000
IG

16000
121

3 ! 1936000
1)1 6-45833i

10 645331
'

6453^

$26-52320

Since 73000 increased by i of itself, ^V of itself, and

of itself becomes lOOUlO

i

73000
Thus,

iSof
I'a of ;

24333}
2433^
243 i

100010

and considering this as 100000 the reason for tiie above

process is evideat.

Note II.—In actual practice the time, -when not an

exact number of years, is always expressed in ilai/s, or

in I/ears and Jay.'i.

Examples, (xciv).

Find the simple interest

—

(1) On S2750 for 6 years at 5 per cent, per aunum.
(2) On $3625 for 4 years at 8 per cent, per annum.
(3) On $27: iO for 6 years at 7\ per cent, yer anumn.
(4) On $8825 for 6^ years at 8 per cent, per annum.
(5) On $1160 for 11 montbs at 9 per cent, per anuTim.

(6) On $9125 for 73 clays at 8 per cent, per annum.
(7J On $5913 from Nov. 23, 1S76, to April 7, 1877, at 7i

per cent, per annum.
(8) On £-204 17s. Id. from Aug. 3 to Tan. 9 at 5 per cent.

176. We have explained how to find the Intei-est

(and Amount) when the Principal, Bate and Time are

given. We shall now explain how to find the Rate, or
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Time, or Priucipal, when the other two and also the

Interest (or Amount) are given.

Ex. (1). At what Bate per cent, will 5R520amounr ^o

$800-80 in 9 years ?

As the rate is the interest on $100 for 1 year, to find

the rate we must find the interest on $100 for 1 year.

Here interest = 8800.80 - $;->20=$280. 80,

Thus, the interest on .$520 for 9 years is §280.80 ;

.-. the interest on $520 for 1 year is $--^-

on $1 for 1 year is S^oq x9

on $100 for 1 year is $ —j^^ = $6

;

.'. Eate required is 6 per cent.

Ex. (2). In what Time will the Interest on $360
amount to ^6126 at 5 per cent. ?

Interest on 8360 for 1 year is $^4^' ^^ ^1^'

Then, since $18 is the interest for 1 year,

81 is the interest for j^ year,

$126 is the interest for V/ year, or 7 years.

.'. Time required is 7 years.

Ex. (3). What Principal will amount to $980 in 3

years at 7^ per cent. ?

Interest on 8100 for 3 years at 7^ per cent, is 822-50,

.-. 8122.50 is the amount which has for its Principal $100;

81 is the amount wliich has for its Principal 8
^

^"°

$980 is the amount which has for its Principal
^~}^2^5o^

or 8800.
.'. Priucipal required is 8800.

Ex. (4). At what rate will any sum triple itself in 20
years at simple interest ?

Here the interest is twice the Principal.

Thus the interest on the Principal for 20 years is 2 x Priu.

cipal

;

2 X Priucipal
.". interest ou the Principal for 1 year is ^/i

2 X Priucipal
interest ou 81 for 1 year is ^- .

— ;—:;

—-7^•^ Prnicipal X 20
100 X 2 X Principal

on 8100 for 1 year is —^7-;—:

—

rz7 an: ' =10.
•' Principal X 20

.'. Kate required is 10 per cent.
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Examples- (''ot)

(1) At what rate will the interest on $326 for 15 years be
1220.05?

(2) In what time will $700 amount to $920.50 at 6 per

cent. ?

(3) What sum will amount to 81325 in 8 months at 9 per
cent. ?

(4) The interest on a earn of money for 12 years at 4^ per

cent, is $202.50 ; what is the sum ?

(5) In what time will any sum double itself at 5 per cent,

simple interest ?

(6) What must be the rate per cent, that the interest at

the end of 16 years 8 months may be equal to seven-eighths

of the sum lent ?

(7) A sum of money amounts in ten years at 7 per cent.

to $1275 ; in how many years will it amount to $1406.25 ?

(8) The sum of $500 is borrowed at the beginning of the

year at a certain rate per cent., and after 9 months $400
more is borrowed at double the previous rate. At the end
of the year the interest on both loans is $35 ; what is the

rate at which the first sum was borrowed ?

(9) In how maav days will the interest on iG243. 6s. 8d.

be M. Os. lOd. at 6J per cent?

(10) If ^556. 17s. 0(i. be loaned for 125 days and then
amount to ^£565. IBs. 9d., what was the rate ?

(11) The interest on $8000 for one day is $2; find the
rate per cent, per annum.

(12) Bought 5000 bushels of"wheat at $1.25 a bushel, pay-
able in 6 months; I immediately realized for it nt $1.20
cash, and put the money out at interest at 10 per r; nt. At
the appointed time I paid for the wheat ; did I gain or lose

by the transaction, and how much ?

(13) The interest on a sum of money at the end of 6^
years is three-eightha of the sum itself; what rate per cent.

was charged ?

(14) A sum of money at simple interest has in 4^ years
amounted to $735, the rate of interest being 5 per cent, per

annum ; what was the sum at first, and in how many years
moi'c will it amount to $1140?

(15) The interest on $1805, loaned on May 13th, at 5^^ per

cent, per annum is f37.905 ; on what day was the money
returned ?
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PARTIAL PAYMENTS

177. A partial payment is the payment of a part of

the amount due on a note or bond. When partial pay-

ments are made they are endorsed on the note or bond.

To compute the interest on such a note proceed accord-

ing to the following rule :

Compute tlm interpM on the principal to the time of the

first papnent, and if this payment exceed the interest then

due add the interest to the principal, and from the sum
take the payment ; the remainder will form a new princi-

pal tvith which proceed as before.

But if the payment he less than the interest, comjjufe the

interest on the principal to the time when the sum of the

payments shall first equal or exceed t}te interest due ; add
the interest to t}i,e principal, and from the sum subtract

the sum- of the payments, and treat the remdinder as a
new principal.

This rule proceeds on the ground that in all cases

the payment should be apphed first to the interest due,

then to the principal, and that the principal remains
unchanged until the sum paid exceeds the accrued

interest.

Ex. (I). S4000. Toronto, June 1, 1872.

Two years after date I promise to pay William Smith,

or order, four thousand dollars, for value received, with

interest at 7 per cent.

ElCHAED PaYWELL,

On this note were the following endorsements :

Sept. 15, 1872, Foiu' hundred and fifty Dollars.

Dec. 15, 1872, Fifty Dollars.

Mar. 1, 1873, Five hundred Dollars.

Jpn. 1, 1874, One thousand Dollars

What remained due June 4, 1874 ?
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Principal on interest June 1, 1872 $4000 00

Interest to Sept. 15, 1872 80 89

Amount $4080 89

Less 1st payment 450 00

Remainder for a new principal S3630 89

( Interest from Sept. 15 to Dec. 15, 1872, is
}

I $03.44, which exceeeds the payment.
f

Interest from Sept. 15, 1872 to March 1, 1873 117 20

Amount $3748 09
Less the sum of the 2nd and 8rd payments 550 00

Remainder for a new principal $3198 09

Interest fi-om March 1, 1873 to Jan. 1, 1874 186 47

Amount $3384 56
Less payment Jan. 1,1874 1000 00

Remainder for a new principal $2384 56
Interest from Jan. 1 to June 4, 1874 70 94

Balance due June 4, 1874 $2455 60

Examples- (xcvi)

(1) $1500.
Hamilton, Jan. 1, 1877.

One year after date, we promise to pay S. White, or

order, fifteen limidred dollars, with interest. Value
received.

George Brown & Co.

The following payments were made on this note

:

March IG, 1877, $100 ; June 13, 1877, $400 ; Sept.

1, 1877, $200.

What was due Jan. 1, 1878, interest at 6 per cent ?

(2) $3500.
Belleville, March 15, 1876.

For value received, we jointly and severally promise
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to pay Wm. Smith, or order, tkree thousand five hun-
dred dollars, with interest.

James Jones & Co.

Endorse.) as follows :

June 1, 1876, $800; Sept. 1, 1876, $100; Jan. 1,

1877, $1560; March 1, 1877, $300.

What was due May 16, 1877, interest at 6 per cent. ?

(3) $1200.
Toronto, Oct. 15, 1859.

One year from date we promise to pay James Smith,
or order, twelve hundred dollars, for value received,

with interest.

Wilder & Son.

Endorsed as follows :

Oct. 15, 1860, $1000; April 15, 1861, $200.

How much remained due Oct. 15, 1861, interest; at 6

per cent. ?

XXII. Compound Interest.

178. Compound Interest is that which is paid, not

only for the use of the original sum lent, hut also for

use of the interest as it hecomes due.

The interest on $500 for 1 year at 4 per cent, is $20.

If then $500 he lent at Compound Interest for 2

years at 4 per cent. , the Interest for the first year is

$20.

Now, as the borrower has to pay for the use of this

$20, the Interest for the second year must be calculated

on $520.

Hence Interest for second year = $?i-5^ = $20.80.
•^ 100

To put the matter in a more simple way, we have

supposed the borrower to retain the interest due at the

end of the first year, but the reasoning will be the same
if we suppose the lender to receive the interest at the end

of the first year, and to put it out immediately at the

same rate of interest.

179. We may calculate Compound Interest by the

following ruk)

:
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Find the interest for the f/rst year : add it to tJu,

original principal : call the result the Second Frincipal

:

find the interest on this for the second year : add it to the

second principal: call the result the Third Principal:

find the i^derest on this for the third year, and so on.

Ex. (1). Find the ComiJOimd Interest on $7500 for

8 years at 4 per cent.

$7500 is the Principal for theirs* year.

4

$300.00

The interest for the first year is 8300.

Add this to the Original Principal, ^7500.

Then $7800 is the Principal for the second year.

4

$312.00

The interest for the second year is $312.

Add this to the Second year's principal, $7800.

Then $8112 is the Principal for the third year.

$324.48
The interest for the third year is $324.48.

.*. Compound interest reqiiired is

$300+$312+$324.48= $936.48.

If the Amount a,t Compound Interest be required, add
the original Principal, $7500, to the Compound Inter-

est, $986.48.

Then Amount required= $8436.48.

Ex. (2). What is the compound interest of $250 foi

2 years, at 7 per cent. ?

$250 Principal for 1st year.

$250X0.07 = 17.50 Interest for the 1st year.

267.50 Principal for 2nd year.

$267.50x0.07 -- 18.725 Interest for the 2d yoar.

286.225 Amount at Com.Int.for 2yi-B.

First Principal_ 250.00

$36,225 Com. Int. for 2 years.
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Examples- (xcvii)

Find the Compound Interest on

(1) $375 for '6 years at 5 per cent.

(2) $564 for 4 years at 7 per cent.

(3) $1154.37 for 4 years at 5 per cent.

(4) $740 for 5 years at 7 per cent.

Note I.—When the Compound Interest is requii*ed

for 3^ years, it is usual to find the compound interest

for the whole of the fourth year, and take half the

result as the compound interest for the half year. This

really imphes that the interest is paid half-yearly, but

the approximation does not differ much from the exact

truth.

180. The process for finding the Amount of a sum at

Compoimd Interest may he presented in a very brief

and neat form as follows :

—

If the rate of interest be 4 per cent.,

Amount of $100 at the end of 1 year is $104,
of SI at the end of 1 year is ^g J of $1.

Hence it follows that

Amount of any sum at 4 per cent, in 1 year = igj of that

sum.

Again,

Amount for second year = |HS of amount for the first year

;

.•. Amount of any sum at 4 per cent, in 2 years
= icff of TOO of that sum.

Suppose, then, we have to find the amount of $540
in 3 years at 4 per cent, compound interest.

The amount is 4gj of igj of jgj of $5 10

= $540 X (1.04)3

= $607,426.

From the above example it will be noticed that the

amount of $1 for a year at 4 per cent, is raised to the

power indicated by the number of years for which com-

pound interest is to be calculated. Hence we have the

following rule:

—

Tofind the sum to which any principal loill amount if

put out to Compound Interest at a yioen rate in a mi*«n
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number ofyears, find the amount of $1 for a yea/r at the

given rate, raise that sum to the poioer which is denoted hy

the given number of years, and multiply the result hy the

number of dollars in the given 2^1'incipal.

Ex. (1). Find the amount of S850 in three years at

6 per cent, compound interest.

The Amount = $850 X (l-06)s

= $850 X 1-191016
= $1012-363.

The Compound Interest = $1012-36 -$850
= $162,36.

Note HI.—When the number of years is large the

student is recommended to employ the conti-acted

method of multipHcation, explained in Ai-t. 111.

Interest may be payable either yearly, half-yearly, or

quai'terly, or at some other stated period.

In finding the Compound Interest on $2000 in two
years, when the interest is payable half-yearly, at 6 per

cent., we reason thus :

5 per cent, for a year = 2^ per cent, half-yearly, 2 years
= 4 half-years.

Hence we have to find the Compound Interest on
%1i)0i), forfour times ofpayment, at 2J per cent.

The Amount = 52000 x (1-025)*

= S2000 X 1-1038127
= $2207-625.

The Interest = $2207-625 -$2000
= §207-625.

Ex. (2). What Principal wiU amount to $1012-363
in 8 yeai-s at 6 per cent ?

Principal X (l-06)» = $1012-363

.-. Principal =$Mi:f^Ml
= $850.

Examples (xcviii)

(1) What is the Compouud Interest on $1000 for 2 years,
at 6 per cent., payable half-yearly ?

(2) What is the amount of $200 for 3 years, at 6 per cent.,

payable half-yearly.

(3) Find the Compound Interest on $675.75 for 8^ years,
at 6 per cent, per anntun.
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(4) A money dealer borrowed $1000 for 2 years, at 6 per

eent. interest; aud loaned the same in such a manner as to

Compound the Interest every 6 months. What profit did

he make in 2 years by this proceeding ?

(5) Find the difference in Compound Interest on £5000
for 2 years at 4 per cent., according as it is reckoned yearly
or half-yearly.

(6) What is the diflference between the Compound Interest

on $40000 for 4 years, and on §80000 for 2 years, the rate in

both eases being 5 per cent. ?

(7) A and B lend each $248 for 3 years at 3^ per cent,

one at Simple, the other at Compound Interest ; find the

difference of the amount of interest which they respectively

receive.

(8) What sum at four per cent. Compound Interest will

amount in 2^ years to $10989-7728.

(9) What sum will amount to $27783 in 3 years at 5 per
cent. Compound Interest.

XXIII. Present Worth and Discount.

181. Suppose A owes B $105, to be paid at the end
of a year. If A be disposed to pay off the debt at once
the Slim which he ought to pay should be such that, if

put out at interest by B, it will amount at the end of a

year to $105. Suppose fm-ther that B can put out his

money at 5 per cent, interest : then if he put out $100
at interest, this is the sum which wiU amount at the

end of a year to $105.

Hence $100 is the sum, which A ought to pay at

once, and this is called the Present Worth of the debt,

and is evidently such a sum as would, if put out to in-

terest for the given time aud rate, amount to the debt.

The difference between the Debt and the Present Worth,
which is in the case under consideration $5, is called

the Discoimt.

Discount is therefore the abatement made when a

sum of money is paid before it is due and is equal to

the interest on the I'resent W^orth of the Debt.

Ex. (1). Thus, to find the Present Worth of

$1781.40, due 4 years hence, reckoning interest at 5

per cent.
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riie interest on $100 foi" 4 j^ears at 5 per cent, is $20.

.-. 6120 has for its Present ^Yortll §100

;

.-. $1 has for its i^esent Worth $158 ;

.-. $1781.40 has for its present worth $ -'-"~y.^ ^ " "

= $1484.50.

,*. Present "Worth required is $'484.50-

Ex. (2). Fiud tlie Discount on $1781.40, due 4 yeara

uence, reckouing interest at 5 per cent

The Present "Worth is $1484.50, as wo have just shown
;

the discount = $1781.40 -$1484.50

= $29G.90,

When the Discount alone is required to ^^e found the

following is the solution ;

Tlie Interest on $100 for 4 }'ears at 5 per cent, is $20.

.-. $120 lias for its Discount $20

;

-•. $1 has for its Discount i^P^ ;

.'. $1781.40 has for its Discount $-'-^-~^^JlAO

= $29G.90.

Ex. (3). "What was the debt of which the discount
for 8 months at 9 ])ev cent, was §544.4 G ?

Tiie interest on $100 for 8 months at 9 per cent, is $6.

.'. $6 is the discoiint on $106

.'. $1 is the discount on $^5'

.-. $44.46 is the discount on $ii:4ji2Lioe

$785.46.

Ex. (4). The inteiest on a certain sum of money for

two years is $00, and the discoimt for the same time
and rate is $45. Find the sum and the rate per cent,

per annum.

Since $50 is the interest on a stmi of money wnich sum
= (its Present "Worth + its Discount'

= (its Present Worth + $4$)

and $45 is tlie interest on its Present Wort)

.•. $5 is tlie interest on $45

.*. §1 is the interest on $^^',
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.-. 850 is the interest ou $f^Lil±-^ or f450,
5

.•. $450 is the sum requii'ed.

Again, the interest on ft45 for 2 years is §5.

.-. the interest on $45 for 1 year is f ;

.•. the interest on SI for 1 year is S^^ ^ g ;

.• the interest on $100 for 1 year $^-^^^
•^ 45 X 2

= $5i
.•. the rate is 5^ per cent.

Note I.—From the above it will be seen that the Dis-

couiit ou any sum is the Present Worth of the interest

of that sum for the same time and rate : thus $45 is

the Present Worth of §50 for two years at a certain

rate per cent.

Ex. (5). If |20 be allowed off a biU of $420 due in

6 mouths, how much shall be allowed off the same bil'

due in 12 months ?

$20 is the discount off $420 for 6 months

;

.•. $20 is the interest on $400 for 6 months

;

.•. $40 is the interest on $400 for 12 months

;

.-. $40 is the discount off $440 for 12 months

;

P4 4

^42 0X40
is the discount off $420 for 12 months.* 440

N„~ ©42 0X40 -Qc 2.ow a = Sob A.440
.'. the Discount requii-ed is $o8yt.

Note II.—The student will observe that the Discount

is not proportioual to either the time or the rate.

Ex. (Oj. If §15 be the Interest on §115 for a given

time, what should be the Discount off $115 for the

same time :

$15 is the interest on $115 ;

.-. $15 is the discount off $130;

'13

,115x15
is the discount off $115.

130
115X15

,*. the Discount regiiired is SlSg^*

N„„ 115X10 1Q7



PRESENT WORTH AXD DISCO QNT. 181

Ex. (7). If $10 be allowed off a bill of $110 due 8

months hence, what should be the bill from which the

same sxim is allowed as 4 months discount:

glO is the discount off SllO for 8 months
;

.*. $10 is the interest on $100 for 8 months
;

.•. 010 is the interest on §200 for 4 months
;

.•. $10 is the discount off §210 for 4 months

;

.'. the sum required is $210.

Ex. (8). Find the present worth of $842.70 for two
years at 6 per cent. Compound Interest.

The compound interest on $100 for 2 years at 6 per cent,

is $12.36.
.-. $112.36 has for its present worth ^^lOO

;

.-. $1 has for its present wortVi Syyl^e '

.-. $842.70 has for its present worth $ 81.2JL0 »< I o o
'^ 11 2.3 6= $750.

.'. Present worth required = $750.

Examples- ( xcix

)

Find the Present Worth of

(1) $5520, due 4 years hence, at 5 per cent.

(2) $84.70, due 2^ years hence, at 9 per cent.

(3) $615, due 1 year 4 months hence, at 7 per cent.

(4) $1120, due 16 months hence, at 5 per cent.

(5j £618. 2s. 6d., due 3J years hence, at 4 per cent.

Find the Discount on

(0) $636, due in 9 months, at 8 per cent.

(7j $1884.30, due in 3^ years, at 10 per cent.

(8) $637.50, due in 5^ years, at 5 per cent.

(9) £1165. 16s. Sd., due in 2^ years, at 6 per cent.

(10) £252. 19s. 3d., due in 9 months, at 4^ per cent.

(11) Find the present worth of $6945.75, due 3 years
hence, reckoning compound interest at 6 per cent.

• (12) Find the discount on $245.25, due 1^ years hence, at

5^ per cent, compound interest, payable quarterly.

(13) A tradesman accepts $19-3125 in payment of a debt
of $205^ due in 12 months, in consideration of being paid
at onoe. What rate of discount does he allow ?
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(14) Find the present worth of a bill for $1127.10 drawn
Jan. 1 at 4 months, and discounted Feb. 20 at 10 per cent,

per annum.

(15) The discount on $275 for a certain time is $25 ; what
is the discount on tlie same sum (1) for twice that time, and
(2) for half the time?

(16) A tradesman marks his goods with 2 prices, one for

cash and the other for credit of 6 months ; what relation

should the two prices bear to each other, allowing interest

at 7i per cent.? If the credit price of an article be $33.20,

what is the cash price ?

(17) If $98 be accepted in present payment of $128, due
some time hence, what should be a proper discount off a
bill of $128 which has only half the time to run ?

(18) A certain sum ought to have $20.80 allowed as 8
months interest on it ; but a bill for the same sum due in 8
months at the same rate, should have $20 only allowed oft

as discount in consideration of present payment. What is

the sum and the rate per cent. ?

182. The Discount, xif which we have been treating,

is called Mathematical Discount or ,True Discount, to

distinguish it from Practical Discount, >of which there

are two kinds:

(1) The deduction made by a trader, when an account

is paid to him before the time when he proposes to

demand payment. It is then ^calculated as interest on
the account. Thus if a trader gives notice on his bill

that he will allow 10 per cent, discount for immediate
payment, and if the amount of the bill be $25.50, he
deducts $2.55, and the customer pays him $22.95.

(2) The deduction made by a lender of money from
the sum which he proposes to lend. Thus if a borrower

binds himself by a bill to pay $100 a year hence, and a

discounter advances money on the security of this bill,

at the rate of 5 per cent., he gives to the holder of the

bill $95, and takes the bill.

True Discount is the Interest on the Present Worth
of a debt. Practical Discount is the Interest on the

Debt itself. Hence Practical Discount is greater than

True Discount.
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183. Three days, called Days of Grace, are always

allowed, after a biU of exchange, or a promissory note is

nominally due before it is legally due. Thus a bill

di-awn on July 5, for 3 mouths would be nominally due

on Oct. 5, but legally on Oct. 8. Calendar months are

always reckoned so that a bill of 3 months whether
dra^TO on the 28th, 29th, or 30th of Nov. 1876, would
be due on the 8rd of March 1877. The banker or

money lender who discounts a note always charges

interest on the note from the time it is discounted tiU it

is legally due ; hence in computing Practical Discount
of this nature interest must be calculated for 3 days
more than the time the note has to run.

Ex. (1). What would a banker gain by discounting on
Sept. 21 a bill of ^318.15, dated July 31, at 4 months at 5

per cent. ?

The bill is legally due on Dec. 3.

The number of days from Sept. 21 to Dec. 8 is 73.

The interest on $318.15 for 78 days at 5 per cent, is

$3.1815.

The Mathematical discount is $3.15.

.•. the banker's gain is $.0315.

Ex. (2). A merchant wishes to boiTow $96.91 on a
bill made on July 5 for 8 months. What must be the
face of the bill, interestJjeing reckoned at 8-^ per cent. ?

Time between July 5 and Oct. 8 is 95 days.

Interest on $100 for 95 days at 8^ per cent, is $2J.
.'. a note for $100 would produce

.*. a note for $-^-^ would produce §1 ;

97g

.-. a note for
|96^91xl00

^^^j^ produce $96.91.Q'78 *

97J
.'. the face of the note is $99.

Examples- (c)

(1) What is the difference between the true and the bani
discount of $950 for 8 mos. at 7 per cent. ?
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(2) A bill is drawn for S722.70 on July 17 at 2 months,
and discounted on Aug. 11 at 7^ per cent.; how much did

the holder receive ?

(3) Find the discount charged in discounting a bill for

$7850 drawn April 9 at 7 mouths and discounted June 19th
at 10 per cent.

(4) For what sum must a note be drawn on July 3, at 8
months, so that discounted immediately it may produce
$501.69, money being worth 7 per cent. ?

(5) Find the difference between the true and bank dis-

counts on $5555 at 6 per cent, for 1 year.

EXAMINATION PAPERS.

I.

(1) Explain the difference between Simple and Compound
Interest. Find the Interest on $25000 for three years at 4
per cent, supposing Interest to make Capital at the end of

each year.

(2) The difference between the Compound and Simple
Interest of a certain sum of money for 3 years at 4 per
cent, is $3.80. Find the sum.

(3) Find at what rate Simple Interest in two years a sum
of money would amount to the same sum as at 4 per cent.

Compound Interest.

(4) Find the Compound Interes^ on $1000 at 3 per cent.

per annum for 2 years and 195 days.

(5) A person puts out to interest $8000 at 4 per cent. ; he
spends annually $300, and adds the remainder of his divi-

dend to his stock. What is he worth at the end of 5 years?

II.

(1) Explain the distinction between true discount and
bank discount. Does the creditor or the debtor gain by
computing the interest intead of the discount ?

(2) Find the discount on $400, due one year hence, if

money bear interest at 5 per cent, per annum. Calculate

the interest on this discount for the same time, and show
that it is equal to the difference between the interest and the

discount of $400.

(3) If £10 be the interest on £110 for a given time, what
should be the discount of £110 for the same time ?
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(4) What must be the rate of interest in order that the

discount on 110292 payable at the end of 1 year 73 days

may be $372 ?

(5) A tradesman who is ready to allow 6 per cent, per

annum Compound Interest, for ready money, is asked to

give credit for two years. If he charge $110.25 in his bill,

what ought the ready money price to have been ?

III.

(1) A speculator borrowed $5000, which he immediately

invested in land. Six months afterwards he sold the land

for #7500, on a credit of 12 months, with interest. Money
being at 6 per cent., what is the speculator's profit at the

end of 12 months, at which time he pays $5000 ?

(2) A merchant bought 43 cwt. 3 qr. of sugar at $5.25 per

cwt., which he immediately sold at $7 per cwt., on a credit

of 90 days, and then had the purchaser's note for the amount
discounted in the bank, at 6 per cent. What profit did the

merchant make ?

(3) Find the present worth of $1000 due 2| years hence

at 5 per cent, per annum ; and show that the discount of

tiie given sum is equal to the interest of the present worth
for the same time and at the same rate of interest ?

(4) A man having lent $10000 at 5 per cent, interest, pay-

able half-yearly, wishes to receive his interest in equal por-

tions monthly, and m advance ; how much ought he to

receive every month ?

(5) Show that the interest on i;2C6. 13s. Ad. for three

months, at 4^ per cent, per annum, is equal to the discount
of £S3 for 15 mos. at 3 per cent, per annum.

IV.

(1) How much may be gained by hiring money at 6 % to

pay a debt of $6400, due in 8 months, allowing the present
worth of this debt to be reckoned by deducting 6 % per
annum discount?

(2) The difference between the simple and compound
interests of a sum of money for 3 years at 8 per cent. ir.

$985.60, What is the sum?

(3) The interest on a certain sum of money for two years
is £11 IGf. 7^d., and the discount on the same sum, for the
same time, is ^63 17s., simple interest being reckoned in
both cases. Find the rate per ceut. per annum, and the
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(4) A offers $8000 for a farm ; B offers $9500, to be paid
at the end of 4 years. Which is now the better offer, and
by how much, allowing 5 per cent, compound interest ?

(5) A person borrows money at 6 per cent, per annum,
and pays the interest at the end of the year ; he lends it out
at 8 per cent, per annum, payable quarterly, and receives

the interest at the end of the year ; by this means he gains
$269-18592 a year. How much did he borrow ?

XXIV. Equation of Payments.

184. ^Tien several sums of money are due from A to

B, payable at different times, it is often required to find

the time, called the Equated Time, at which all may be
paid together, without injustice to A or B.

When great exactness is demanded, interest must be
added to the sums paid after they are due, and discount

subtracted from the sums paid before they are due.

But in practice the following rule is sufficiently accu-

rate:

Multiply each debt by the number of days [or monthg]

after which it is due : add the results together: divide this

sum by iJie sum of the debts : the quotient will be the num-
ber of days [or viont/is] in the equated time.

Take the following Examples

:

Ex. (1). If $300 be due from ^ to i? at the end of

6 months, and $700 at the end of 9 months, when may
both sums be paid in a single pa^nnent without unfair-

ness to A or to B ?

Number of months in equated time = 3ooxg + ! oox»^ 300+7OO
:= 7 800

1000
_ 7 8

.*. the whole amount of the debt should be paid at the end
of 7y months.

The principle on which this solution depends is, that

the interest of the money, the payment of which is de-

layed beyond the time at which it is due, is equal to the

interest of that which is to be paid before it becomes
due.
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In the above example $300 is kept 2^ months after

it is due, and the interest on it for that time is the same
as the interest on $840, $(300 x 2^), for one month.

But $700 is paid 1^ months before it is due, and the

interest on it for that time is the same as the interest

on $840, $(700 x 1^) for one month.

Ex. (2). A is indebted to B in the following

amounts : $500 due in 6 months
;

$G00 due in 7

months ; and $800 due in 10 montlis. Find the time

wlien all these payments should be made together.

600
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remaitider at the end of a year. At what tiine might the
whole debt fairly be paid in one sum ?

(4) A p;rocer ou^ht to receive trom a customer $50 at the
end of 2 months, $B0 at the end of 4 months, and §20 at the
end of 6^ months. What would be the pz'oper time for re-

ceiving the whole sum together ?

(6) A debt is to be paid as follows : One-sixth now, and
one-sixth every 3 months until the whole is paid. When
might the v/hole debt be paid at once ?

(6) If $450 be due in 16 months, and $250 be due in 13^
months ; find the sum which if paid now would be equiva-

lent to the whole debt at the equated time, interest at 4 per
cent.

(7) There is due to a merchant $800, one-sixth of which
is to be paid in 2 months, one-third in 3 months, and the
remainder in 6 months ; but the debtor agrees to pay one-
half down. How long may he retain the other hah' so that

neither party may sustain loss ?

(8) A sold goods to B at sundry times, and on different

terms of credit as follows: Sept. 30, 1868, #80.75, on 4
months credit; Nov. 3, 1868, $150, on 5 months credit ; Jan.

1, 1869, $30.80, on 6 months credit; March 10, 1869, $40.50,

on 5 months credit ; April 25, 1869, §60.30, on 4 months
credit ; how much will balance the account June 2, 1869 ?

(9) A owes B on the 1st of March the following sums

:

£140 due on 20th of April, .£120 due on 14th of May, .£380

due on 15th of June. On what day may B pay these debts
together ?

(10) M buys goods of N, and has 6 months' credit from
the date^ of invoice. The goods are delivered on 6 different

days, to the following amount : ^£101. 14s. lOd. on Aug. 8,

£144. 2s. lOd. on Sept. 5, i;o03. 18^. lOd. on Sept. 18, i757.

0*. 8d. on Nov. 13, i'123. lis. Gd. on Nov. 28, £123. lis. 6d.

on Dec. 5. On the 13th January, N, v/ho desires to receive

all the debts in one payment, reckons that this payment
should be made in 100 days. Show that this is approximately

correct.

EQUA2I0N OF ACCOUNTS

185. Equation of Accounts (also called "Averaging

of Accounts " and " ComiDoimd Equation of Payments ")

is tlie process of finding at what time the balance of an

account can be paid without gain or loss to either party.
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T]io BAiiAxcE OF AN AccouxT is tliG difference between
the two sides of it and is what one owes the other.

Ex.

Dr. A in Acponnt with B. Cr.

1877.

Jan. Ij To Mdse I $500.00
Feb. 4i " "

I 000.00
Mar. 10 " " : 800.00

Jan. 1, 500X 0=
Feb. 4, 600X34= 20400
Mar. 10, 800x08= 54400

1877.

Feb. 10
Mar. 4

By Cash $1000.00
600.00

jFeb. 10, 1000X00=
I

Mar. 4, 600x22= 13200

1900) 74800(39fff
5700

17800
17100

700

1600) 13200(8 i

12800

400

89 days from Jan. 1 is Feb. 9. !8 days from Feb. 10 is Feb. 13.

Duo "Feb. 9 $1000lDue' Feb. 18 $1000

If the account he settled on Feb. 9 it i? evident the

credits would have been paid 9 days, or the time from
Feb. 9 to Feb. 18, before they are dne. This would
haye been a loss of interest to the credit side and a cor-

responding gain to the debit side. Now as the settle-

ment should be one of equity we find how long it will

take the balance, $300, to gain the same interest that

$1900 would in 9 days.

If $1900 gain a certain interest in 9 days,

$1 will pain the same interest in 1900X9 days,

and $300 will gain the same interest in ^-^"'^-iL*, or 57 days.^ 300 *'

Hence the balance became due 57 days before Feb.
19, or on Dec. 24.

Note.—Fractional parts of a day are not counted,
unless the fi-action amounts to half a day or upwards

;

it then counts another day.
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Hence we have the following rule :

First find the equated time for each side of the account

separately. TJieii multipli/ the amount due on that gide

which fails due FmsT, hy the tiumher of days between the

dates of tJie equated tim,es, and divide the product hy the

balance of the account. The quotient will be the number

of days to he counted forward from the latest date

wlien t/ie smaller side oj the account falls due first ; and
backward when the larger side falls due first.

Examples- (cii)

(1) Average the followmg account

:

Dr. J. Hughes in account with S. Adams. Cr.

1875.
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XXV. Averages and Percentages.

186. The average of two or more groups of nmnbers
is found by addiug the numbers together and dividing

the sum by the number of gi-oujis.

Thus to find the average of 13, 15, 74, 23, 6, and 31,

we find the sum of the numbers to be 162, and as the

number of groups is 6, the average will be 162^6,
or 27.

Note.—Express any remainder, which may occur,

decimally.

Examples- (ciii)

(1) Find the average of 14, 26, 9, 18, 13, 24, 27, 39.

(2) Find the average of 1600, 276, 974, 0, 236, 845, 1239.

(3) Find the average population of three towns, consisting

respectively of 34729, 46238 and 87296 inhabitants.

(4) Find the average of 15^, 3Gi 17t, 0, lOf, 74|, 28^,

and 33.

(5) Find the average of 12J|, 21, 7i, '034, 31, 0, 24^ and

PERCENTAGES.
187. Business men regulate their affairs and calcu-

late their profits and losses with reference to 100 as a

standard, hence there are other applications of the term
Per Cent, besides those ah-eady given.

When we speak of an agent getting 3 per cent, as a

commission on the management of an estate, we mean
that from every $100 collected he deducts %'d to remu-
nerate himself for the trouble of collection.

When we read that the population of a town has
increased 15 per cent, since the last census, we mean
that if the number of inhabitants then had been divided

into groups of 100, and the number of inhabitants now
into groups of 115, the number of groups would be the

same in both cases.

Ex. (1). How much is 3 per cent, on $1479 ?

Since $100 yielils SB,

%\ yields ^l^
61479 yields $l±'i?^il or $44-37.
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Ex. (2). The number of boys in a school increases in

a certain period from 125 to 180, what is the increase

per cent. ?

On 125 the increase is 55.

On 1 the increase is -^^^

100X5» 220
126

the increase is 44 per cent.

On 100 the mcrease is
^°°^°°

or ^^ or 44 ;12 6 *>

Examples, (civ)

(1) Find 5 per cent, of §2400 ; 8 per cent, of 3475 horses.

(2) How much per cent, is 25 parts out of 75 ; 178 out of

8900
; ^ out of i ?

(3) The population of London proper decreased 83"11

per cent, between 1861 and 1871 ; in 1861 it was 113,387

;

find what it was in 1871.

(4) How much per cent, is 9d. in the pound ; 12^ cents in

the dollar ; $3 in every $20 ?

(5) Find the number of which 21 is 7 per cent.; 750 is 3i
per cent.; 215 is '005 per cent.

COMMISSION AND BROKERAGE.
188. Commission is the charge made by an agent for

buying or selling goods, and is generally a percentage

on the 'money engaged in the transaction.

Brokerage is the charge made by a broker for buying

or selling stocks, bills of exchange, &c.

In computing Commission care must be taken to cal-

culate it on the money actually employed in the busi-

ness.

Ex. (1). !My agent has purchased wheat, on my
account, to the amount of $18708. What is his com-

mission at If i^er cent.?

The commission on $100 is SI. 75 ;

6l87G8is $
1 8 768X1.78

100
= $328.44 Com. required.

Hence the following rule may be used :

Multiply the given svm by the rate per cent, anrf divide

the product by 100, and the result is the Commission or

Brokerage.
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Ex. (2). I send my agent $1827 with instructions to

deduct his commission at 1^ per cent., and invest tiie

balance m silk, how much did he invest ?

Since the Commission on §100 is §1.50,

out of SlUl.oU be Clin iuvbst $100.

i( Q-l tt A 1
v-i- V 1 "ni . Sir

" S1827 " gl82 7XIOO_
^

1 1.50

= $1800, sum required

If in the above question the Commission is required,

we reason as follows :

On $101.60 the Commission is 81.50.

$1827 " "
*

1 827 X 1.80
1 l.fiO

=$27
/. The CommisBion required is $27.

Examples- (cv)

Find the Commission on

(1) 87G00 at 1| per cent. (2) $5600 at 12^ per cent

Find the Brokerage on

(3) 82364 at i per cent. (4) $375 at .5 per cent.

(5) An agent collected rents to the amount of $578 and
his Brokerage amounted to $26.01 ; what was the rate?

(6) Sent $3377 to my agent to invest after deducting his

Commission at 2^ per cent ; what was Lis Commission ?

(7) What is the ready money payment of an account
amounting to $7080, allowing a discount of 2^ per cent. ?

(8) A receives a consignment of wheat from B. He is to

sell it on a commission of 2 per cent., and invest the pro-

ceeds in silk, after deducting his commission on this new
transaction at 4 per cent. A's total commission was $600.
"What sum did he invest ?

(9) What amount of money was invested, when the
broker's charges at 1^ per cent amounted to $576.

(10) Gave $20050 to a broker to invest, with instruction,
after deducting his brokerage at .j per cent., to invest the
balance in Government bonds. What will be the suxn in-

vested, and how much will be the brokerage ?
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INSUltANGE.

189. Insurance is secui'ity guaranteed by one party.

on being paid a certain sum, to another against any loss.

.

The Prejiium is the sum paid for Insurance. It is

always a certain per cent, of the sum insured.

The Policy is the wiitten contract of Insui*ance.

Note.—As the Premium is always so much per cent, of the
sum insured it is found by the same rule as Commission.

What sum should be insured at 4 per cent., on goods
worth $2940, that the owner may receive, in case of

loss, the value both of goods and premium ?

Since the premium on $100 at 4 per cent, is S4,

$96 worth of goods would be covered by ftlOO ;

..$2940 " « e-^^^a^
—

ft 3062. 50, sum re-

quired.

Examples- (cvi)

(1) What will be the premium of insurance on the furniture

of a house valued at §2500 at \ per cent. ?

(2) What is the premium for insuring a cargo, valued at

$21350, at 3i per cent. ?

(3) For what sum should goods worth £4384. Os. 3d. be

insured at 2^ per cent, that the owner may recover, in case

of loss, the value of both goods and premium ?

(4) A person at the age of 40 insures his life in each of

two offices for $5600, the premiums being at the rate of 8J
and 3f per cent., respectively. Find his annual payment.

(5) What sum must be paid to insure a cargo worth

$26400, the premium being 1|%, policy duty^ percent., and
brokerage \ per cent. ?

(6) A trader gets 500 barrels of flour injured for 75 per

cei.;.. of its cost at 2^ per cent., paying $80.85 premium ; at

what price per ban-el did he purchase the flour ?

(7) A company took a risk at 2i^ per cent., and re-insured

^ of it in another company at 3 per cent. The premium
received exceeded that paid by $10. What was the amount
of the risk ?

(8) A shipment of apples was insured at 2| per cent, to

cover f of its value. The premium was ^71.25 ; what were

the apples worth ?
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TAXES.

190. A TAX. is a sum of money assessed on a person

m proportion to the value of his property, amount of

income, &c., for pubHo purposes.

In order to levy a tax j)ersons, called assessors, are

first employed to ascertain or appraise the value of aU
the property taxed. When this has been done the sum
to be levied is apportioned amongst the property own-
ers according to the value of the property of each.

Ex. A certain town has property valued at $1,-

560,000 and levies a tax of $23400"^; what should B
pay whose property is valued at $7500 ?

Since $1560000 pays $23400

;

.-. n pays ^^miW^

.'. $7500 pays
$7500x23^00

^ ^•' 1560000
= $112.50, tax required.

Examples- (cvii)

(1) In a school section containing property vahied at

$100000 a tax has to be levied to pay the teacher's salary of

$800, and $250 which had been expended in purchasing
maps, &c. Find A's tax, who owns property, real and per-
sonal, worth $5400.

(2) A man who owns $8500 worth of property pays a tax
of $144.50 ; find the rate on the dollar.

(3) If the property of Toronto be valued at S75000000.
and B, who pays tax on $80000 worth of ^jroperty, pay
$1400, find the total tax levied in Toronto.

(4) In a certain section a schoolhouse is to be built at an
expense of $8400, to be defrayed by a tax upon property
valued at $700000. What is the rate of taxation to cover
both the cost of the schoolhouse and the collector's commis-
Bion at 4 per cent.?

DUTIES OR CUSTOMS.

191. Duties or CusTOiis arc sums of money required
by government to be paid on nearly all imported goods.

The law requires that all goods entering Canada shall
be landed at certain places where Custom IIouses are
•stabhshed. These places are called Ports of Entby,
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Duties are of t^o kinds, ad valorem and specific.

An Ad Valorem duty is a certain percentage on the

cost of the goods in the couuti'y from wiiich they are

imported.

A Specific duty is a sum computed on the ton, yard,

gallon, &c., without regai-d to the vahie of the goods.

Note.—As ad valorem duties are percentages they are

computed in the same manner as Commission &c.

Ex. Find the specific duty on 7G0 lbs. of Sul-

phmic Acid at \ cent per lb.

Duty on 1 lb. is \ cent.
' " 7G0 lbs. is 'GO cents=$3.80, duty required.

Examples- (cviii)

(1) "Wliat is the duty on 7635 lbs. of tea, valued at $3500
at 6 cents per lb. ?

(2) Find tbe ad valorpm 'duty on an invoice of books
which cost S1760 at 5 per cent.

(3) Find the specific duty on 750 gallons of wine worth
$2150 at GO cents per gallon.

(4) Find the duty on 8400 lbs. of sugar worth 7J- cents per
lb. ; the specific duty being ^ cent per lb. and the ad valorem
duty 25 per cent.

(5) Paid $1662.50 duty on an invoice of cotton at the rate
of 17^ per cent. ; what was the value of the cotton ?

STORAGE.

192. Storage is a charge made by a person who
stores movable property or goods for another. It is

usually reckoned by the month of 30 days at a certain

price per bushel, cask, box, bale, kc.

The owners of the goods pay for putting the goods in

store, stowing away, and the expenses of dehvery.
When goods are received and dehvered at the pleasure

of the consignor, the dues for storage are usually deter-

mined by an average.

Ex. WTiat is the cost of storage, at lo. per
bushel per month, of wheat received and delivered as

per following:
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Account closed October Smi, 1877.

Account OF Storage of Wheat, received and deliveeed
FOR Account of John Jones, Toronto.

Date.
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it was found to be 9196. If the increase per cent, during
the first decade was the same as during the last, what was
this per cent. ?

II.

(1) A, after paying tt income tax of 1^ per cent, on all

bis salary over $400, has $1739.60 left. Find his salary.

(2) A town has levied a tax of $7340, which sum includes

the amount voted for building a bridge and the collector's

fees, at 3 per cent. What was expended on the bridge ?

(8) The average of ten results was 17.5 ; that of the first

three was 16-25, and of the next four 16'5
; the eighth was 3

less than the ninth, and 4 less than the tenth. What was
the tenth ?

(4) The gross receipts of a railway company in a certain

year are apportioned thus : 40 pel cent., to pay the working
expenses, 54 per cent, to give the shareholders a dividend at

the rate of 3^ per cent, on their shares ; and the remainder,
$42525, is reserved. What was the paid up capital of the
company ?

(5) A can do 5 per cent, of a piece of work m 3 days of

10 hours each ; B can do 7J per cent, of it in 5 days of 8
hours each. If both men work together and the whole work
be worth $85 , what does each get ?

III.

(1) A cargo is valued at $7905.45 ; the premium of insur-

ance is at the rate of 5;^ per cent., policy duty ax ^ per cent.,

and commission at ^ per cent ; what sum must be insured
to cover the cargo and the expenses of insurance ?

(2) Received, and delivered, on account of James Smith,
sundry bales of cotton, as follows: Received Jan. 1, 1877,

2310 bales; Jan. 16, 120 bales ; Feb. 1, 300 bales; DeUvered
Feb. 22, 1000 bales; March 1, 600 bales; April 3,400.-

April 10, 312 bales. Required the number of bales remain-
ing in store May 1, and the cost of storage up to that date,

at the rate of 5 cents a bale per month.

(3) If the increase in the number of male and female
criminals is 2| per cent., while the decrease in the number
of males aloue is 1\ per cent., and the increase in the num-
ber females is 10^ per cent.; compare the antecedent num-
bers of male and female prisoners.

(4) A person takes a railway rei urn-ticket for a month,
payin;^ 25 per cent, more for it than he would have doufc for

a sin^^le ucket. At the end of the mouth be obtauis an ex-
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teneion of time for a week by paying 5 per cent, on the

monthly ticket. The whole sum paid is Si0.50; find the

price of the single ticket.

(5) The paper duty was l^d. per lb., and the weight of a

certain book Ih lbs. The puper manufacturerer realized 10

per cent, on his sale, and tiie publisher 20 per cent, on his

outlay. What i-eductioa might be mode iu the price of the

book on the abolition of the paper duty, aliowirig to each
tradesman the same rate of profit as before ?

IV.

(1) A merchant bought 37 yards 2 qrs. of cloth at $4.87^
per yard, and 49 yards 2^ qrs. of silk, at 93| cents per yard.

For what sum must the whole be sold to make a profit of

33i per cent.
''

(2) A commission merchant is to sell 12000 lbs. of cotton,

and invest the proceeds in sugar, retaining If on the sale,

and the same on the pm'chase. Cotton selling at 7 cents,

and sugar at 5 cents per pound, what quantity of sugsr can
the merchant buy ?

(3) In an examination of 750 candidatf'S, '22 on the whole
do well, "34 barely pass, and the rest Sail ; how many do
well, barely pass, and fail, respectively ?

(4) Sold grain on commission at 5 per cent. ; invested net
proceeds in groceries at 2 per cent, commission. My whole
commission was $70. What was the value of the grain and
groceries ?

(5) A commission merchant receives 125 bbls. of flour

from A, 150 bbls. from B, 225 bbls. from C ; he finds on
inspection that ^.'« is 10 per cent, better than B.'s, and G.'s

5j*T per cent, better than A.'s; he sells the whole lot at $7
per barrel, and charges 4 per cent, commission. How much
does he remit to each ?

(1) A broker cli.nges me li per cent, commission for pur-
chasing some uncurrent bank Ijills at 25 per cent, discount

;

of these bills, three of §10 each, and one of §50 bee. mo
worthless ; I dispose of the remainder at par, and thus make
$520. What was the amount of bills purcliu:-G<l ?

(2) A wholesale merchant sent a quantity uf goods into
the country to be sold by auction, on acommi'^sion of 4.\ per
cent. Wliat amount of goods must be sold that his ag'-nt
may buy produce with the avails to the amount of $1910,
after retaining a commissiou of 2 per cent.?



200 PKOFIT AND LOSS.

(3) A factor receives $30056, and is directed to purchase
cotton at S'ibt) p(!r bale ; he is to receive 4 per cent commis-
sion. How many bales does he buj' ?

(4) Sold goods to a certain amount on a commission of 5
per cent., and, baviut^ remitted the net proceeds to the
owner, received for prom])t payment J per ceut., which
amounted to $!16.15. What was the amount of commission ?

(5) A man obtained an insurance for life at the age of 87,

and died when 51 years old. The policy required annual
payments durinp; life, at §2.8074 per $100, and secured to

the heirs $1709.09 more than the amount of all the

premiums paid. "\Yhat was the face value of the policy ?

SXVI. Profit and Loss.

193. If I sell for $105 tiiat for which I gave $100, I

gain $5 cu an outlay of $100.

If I sell for $95 that for which I gave §100, I lose

$5 on an outlay of $100.

The foUowiug Examples wiU show the method of

solving questions relating to Profit and Loss, the prin-

cii^les laid down in Section xx being followed.

Ex. (1). I sell for $G that for which I gave $6.

What is my gain per cent. ?

On an outlay of §5 my gain is $1 ;

On an outlay of SI my gain is $^ ;

On an outlay of $100 my gain is §J-5^ or $20

;

.*. I gain 20 per cent.

Ex. (2). I bought some goods for $17. How must I

eeU them in order to gain 17|| per cent. ?

That for which I gave $100 I must sell for $117ij ;

That for which I gave $1 I must sell for $fooTr7»

That for which I gave $17 I must sell for $L2^i±?± or $20

Ex, (3). By selling goods for ^7.20 I made a profit

of 20 per cent. "What did I give for them ?

That which I sold for $120 I bought for $100.

That wL.ch 1 sold for $1 I bought for $|o ^ ;

That which I eold for ^7.20 I bought for $1^^^ or »ti.
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Ex. (4). If b}'- selling coffee at Is. Id. per lb. I Icse

5 per cent., what must I sell it at to gain 5 per cent. ?

That, which I sell at 95(/-.. I bought for 1004.

;

that, whicli I sell at Irf.. I bonglit for ^g^c/.

;

tliat, which I sell at I9fZ. 1 bought for -^i^iLi^tZ. or 20d." 3

Having thus found the cost price, we proceed thus :

To gain 5 per cent,

that, for which I gave lOOiZ., I wust sell for 105c?.

that, for which 1 gave Id., I must sell for |Sg<J^.

;

that, for which I gave 20rf., I must sell for '"^'"^(7., or Is. M.^ .100
Or thus

:

In the first case,

that which costs lOOrf. sells for OnrZ.

In the second case,

that which costs lOOc/., sells for l()i>d.
;

.•. that which sells for 95rf. must bring lOofZ,

;

" " Id. must bnng Vo'f'- ',

" 19rf. must bring -'A^'^_^£^.,

or Is. 9<:/. ^s before.

Ex. (5). A quantity of tea is sold for 83| cents, per
pound, tlie gain is 10 per cent., and the total gain is

$48. "What is the quantity of the tea ?

That which sells for SllO cost $100;

" SI " 8fM};
0-83; X 100

" sa^cts." 8-
-j;j5
— ;

.-. the cost price per lb. = ^ ^ of $0-83^

;

.-. the gain on 1 lb. = Vr of$0-83i.

But, the gain per lb. X No. of lbs. sold = total gain,

or A of $0 8:i3- X No. of lbs. sold = $48

;

48
No. of lbs. sold

=.83^--f 3^7.03,

=- 633J.

633^ lbs. is, therefore, quantity sold.
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194. When tea, spirits, wine and such commoditiee

ai'B mixed it must be observed that

quantity of ingredients = quantity of mixture,

cost of ingredients.= cost of mixture.

Thus, if a mixtui-e is made of 1 gallon of ale at 8 cte.

a gallon, 3 at 15 cts., 4 at 20 cts., and 12 at 7 cts.

quantity of ingredients = ( l-j- ?>-\- 4+ 12) galls, or 20 galls.;

cost of ingredients = (8-f-i5-|-804-84) cts., or $2.17.

If I want to know what gain per cent. I shall make
by selling this mixture at 26 cts. a gallon, I reason

thus

:

20 gall, at 26 cts. will sell for $5.20 ;

that for which I gave $2.17, I sell for $5.20
;

$2.17 gains, ($5.20—$2.17), $3.03;

U gains $f:Of ;

.^100 gains $1°5^^:°3, or $139^3.

I gain $189.63 per cent.

195. In solving questions on Profit and Loss the

student must be very careful to notice wiiether the gain

is calculated on the seUing price or cost price. Thus,
it is sometimes said that a retailer's profit is 25 per

cent, meaning that he gave 75 cents for an article which
he sells for $1. His j^i'ofit, in this case, is 33^ per

cent, on his outlay. Care must, therefore, be taken
to express distinctly which is meant. The profit

on a single transaction or set of transactions by no
means represents a net profit, as it is not charged with

a variety of expenses which belong to the business in

general rather than to the set of transactions in question.

Ex. If 100 articles of a given kind can be made in a

week out of $40 worth of raw materials, cost of labour

&c. being $10, fixed charges for rent &c. being $250 a

year, find (1) the cost price of each article, (2) the

invoice price in order that a profit of 30 per cent, on the

cost price may be realized, the following allowances be-

ing necessary, viz., 10 per cent, commission to agents

on money received for sales, and 12 per cent, for bad

debts, and (3) the amount of profit in a year.
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(1 j The fixed charges must be referred to the same unit

of time as the rest of the estimate, viz.: 1 week = SVs" "=

$1 25

Cost of 100 articles= S50 -\-$^^ = $54-8077 ;

.-. cost of ] article = §0-548077.

(2) The profit on capital may be regarded as part of the

cost of production. It would be so, in fact, if the money
were borrowed at 30 per cent, interest. 30 per cent, added
X a, iTAcnrrr, • * 1 3 X'S 4 8 7 7
to 8-548077 gives $ -

—

:^~ .

Again, the commission is paid on the money actually

received ; to provide for it, we must take the V of

ml 30X'5 48077
^ Or $ 10X130X548077 .

**
"^ 1^0 9X100

Next : 12 per cent, on bad debts means that 12 do not

pay for 88 who do. To provide for it, we take VV of the

selling price. The invoice price will, therefore, be
^100X10X130X-548077

^^ ^.ggg^* 88X9X100 '

(.3) To find the profit we must take -^ of the cost price,

•nd multiply by 100 X 52.

Annual profit = ^3oxloox 82x-548077 ^ ^ggg

Examples (cix)

(1) If I buy an article for S3.20 and sell it for $4., what is

my gain gain per cent. ?

(2) If I sell goods for S2240 and gain 12 per cent., what
was the cost price ?

(3) If 375 yards of silk be sold for S1960, and 20 per cent,

profit be made, what did it cost per yard ?

(4) If, by selling wine at 17s. 5d. a gallon, I lose 5 per
cent., at what price must I sell it to gain 15 per cent. ?

(5) If, by seUing goods for $544, I lose IG per cent., how
much per cent, should I have lost or gained, if I had sold

them for §672.

(6) The manufacturer wiU supply a certain article at lid.;
if a tradesman charge 2d., what profit per cent, will he
make ?

(7) A tradesman's prices are 20 per cent, above cost price.

If he allow a customer 10 per cent, on his bill, what profit

does he make ?

(8) A tradesman's prices are 25 per cent, above cost price.
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If he allow a oufltomer 12 per cent, on his bill, what profit

does he make ?

(0) A man bnv8 poods at £2S. 5s. 5d., and sells them at

^22. 2». l^d. How much does be lose per cent. ?

(10) A man buys goods at £15. Gs. Sd., and sells them
again at ^11. 15s. 9{d. How muclx does he lose percent. ?

(11) A man buys poods at the rate of §96 per cwt., and
sells 2 tons 14 cwt. 3 qr. 12 lb. for $0000. How much has
he gained or lost per cent, on his outlay ?

(12) If 8 per cent, be gained by selling a piece of ground
for 84125.60, what would be gained per cent, by selling it for

S4202 ?

fl3) If 3 per cent, more be pained by selling a horse for

$333 than by selling him for $324, what must his original

price have been ?

(14) A grocer mixes 12 lb. of tea at 2s. Ghd. per lb. with 4
lb. at 3s. 2|rf. At what price must he sell the mixture so as

to gain 33^ per cent, upon his outlay ?

(15) How many pounds of tobacco at §1.05 a poimd must
a tobacconist mix with 4 lb. at §1.30, that he may sell the

mixture at §1.5Gf per pound, and gain 33^ per cent, upon
his outlay ?

(IG) A spirit merchant buys 80 gallons of whiskey at ?3.G0

per gallon, and 180 gallons more at 93.00 per gallon, i hi
mixes them. At what price must he seU the mixture to ^ain

8i per cent, upon his butlay ?

(17) I mix 80 gallons of gin at §3.10 per gallon with 96
gallons at $3.41f, and sell the mixture so as to gain 10 per

cent. At what price per gallon do I sell it ?

(18) A grocer buys two sorts of tea at 55 cents and 61f
cents per lb. respectively. He mixes them so as to have 3
lb. of the dearer tor every 1 lb. of the cheaper sort, and sella

the mixtm-e at 80 cents per lb. What does he gain per cent. ?

XXVII. stocks and Shares.

196. The Government of a eoiTntiy, the authorities

of a city, &c., often find it necessary to borrow money
to carry on publio works, etc. A loan is then con-

tracted and the borrower pledges the credit of the coun-

try, city, &c., to pay a fixed rate of interest on tlie sum
borrowed until the debt is paid off.

The term stock is appHed to any sn«5h ^vemment
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loan. It also denotes the capital of a joint-stoek com-
pauy.

Banks, Eailway Companies, and others, have thcu*

capital divided into ulLures of so many dollars each,

tisnally §50 or $100.

The price of stock is always quoted at so many dol-

lars for $100 stock. Thus when we read that the stock

of the Toronto Bank is at 155 it means that $155 of

money will piu-chase $100 stock in that bank.

The price of stock is always fluctuating owing to a
change in the value of money, i. e., at times money is

scarce and consequently in large demand, and hence
the rate of interest will be high ; at other times it is

plentiful and therefore cheap. Thus if A has money
to loan and can get 8 j^er cent, for it he will not invest

it in the Dominion stock, Avhich pays G per cent., un-
less the 1 atter is so cheaj) that he can make 8 per cent.

i. e., unless he can buy it at 75. Hence if B Avished to

sell Dominion 6 per cent, stock he would have to sell it

at a discount.

Again, if money could only be loaned at 5 per cent.,

B would be able to sell $100 of such stock for more
than §100 money, in this case he would sell at a Pre-
mium. Among the other causes which determine the
value of stock, we may mention its desirability as a safe

investment, commercial and pohtical changes at home
and abroad, etc.

197. Stock is at Par when it sells for its nominal
value, as, when $100 stock sells for §100 money.

It is at a Premium when it sells for more than its

nominal value. Thus, when $100 stock sells for §109
money it is at a Premium of 9 per cent. It is at a Dis-

count when it sells at less than its nominal value.

Thus, when §100 stock sells for §85 money, it is at a
diacou/tl of 15 per cent.

The purchase and sale of stocks are usually effected

by means of a stock-broker, who is paid a certain per-

centage on all iitock that passes tlu'ough his hands.
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Tims, if stock is at 92^ and the broker charge \ per
cent., the buyer will have to pay .?93, ($02^ + $i) for

^100 stock, and the seller would receive $92 ($92-^ —
$1) for it.

198. Stock is often named from the interest which is

paid to the owners of the stock. Thus, the Dominion
Government stock, paying interest at the rate of 6 per

cent., is spoken of as the Dominion 6 per cents., or

Dominion 6's.

Consols are a part of the national debt of Great Brit-

ain, so called from the Gonsohdation of the stock of

various annuities into a joint 3 per cent, stock.

The National Debt ot Great Britain, which now
amounts to about 773 millions, has been incurred by
loans made to the State by individuals. Interest is paid

upon the main part of this debt at the rate of 3 per cent.

The names of the persons, who have a claim on the

nation for such interest, are registered in books kept by
the Bank of England on behalf of the Government.
Such persons are called Fundholders : the debt itself is

often called The Funds : and the interest, which is pay-

able half-yearly, is called Dividends.

Suppose 4 to be a Fundholder in that particular part

of the National Debt called The Three per Cent. Consols,

and suppose the amoimt of the debt, which he is ack-

nowledged by the Register to hold, to be £5000, he is

then said to hold £5000 stock. A cannot demand the

pajTuent of 5000 sovereigns, or any smaller sum, from

the Goveiliment, as a redemption of the debt, but the

Government undertakes to pay him (or any one to whom
he may assign his claim) 75 sovereigns, every half-year,

that being the amount of interest on £5000 for half a

year at 8 per cent.

Now suppose A to be desu'ous of selling his claim to

B. The value of the claim does not vary much fi-om

time to time in the case before us, for England is known
to be wilUng and is acknowledged to be able to pay the

interest on her debt, and the secm-ity of the claim makee



STOCKS AND SHAKES. 207

the Fundholder satisfied with a low rate of interest,

punctually paid and easily obtained. The value of £100
Stock in Consols is at the present time (July 12, 1877)

92|, that is, A can obtain £92| for each £100 Stock that

he holds, and B on the pajnnent of 50 x £92|, or

£4618. 15.?. can have the £5000 Stock, now held by A,

transferred to him.

A's name is then removed from the Eegister, and B's

name is insei-ted in it, and the process is called a Trans-

fer. A is said to sell out of the Funds and B is said

to invest in them.

199. United States securities are of two kinds : Notes
and Bonds.

United States 6's, 5-20 ai-e bonds bearing interest at

6 per cent., and payable in 20 years, but may be paid

in 5 years, if the Government choose. When it is

necessary to distinguish different issues of bonds bear-

ing the same rate of interest, the year at which they
become due is mentioned ; thus U. S. 6's, 5-20 of .'84

;

U. S. 6's, 5-20 of '85.

Notes are of two kinds.

First, those payable on demand, without interest,

known as United States Legal-tender Notes, or " Green
Backs."

Second. Treasury notes payable at a specified time,

with interest. Of this kind are nofces beaiing interest

at 7^ per cent., and known as 7-30's. These have all

been redeemed.

200. OuRKENCY is a tenn used in commercial lan-

guage.

First. To denote the aggregate of 'Specie, Bills ol

Exchange, Bank Bills, Treasury Notes, and other sub-

stitutes fo;- money employed in buying, selling, and
carrying rni exchange of commodities between vaiious
counti'ies.

Second. To denote whatever circulating medium is

ostid in any country as a substitute tor the government
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standard. It sometimes happens that the paper our-

reucy of a country becomes depreciated in value, as is

tlie case at the present time in the United States. Thus
when we read in Stock quotations of American currency

buying at 94^ and selling at 95^, it is meant that a

broker would give §9-i^ gold for $100 of paper currency,

and that he would sell §100 of paper currency for $95^
gold. Also when we read that gold is 105^, it is meant
that the paper currency is taken as the standard for the

time being, aud $105:^ of such currency would be given

for $100 gold.

201. In Canada the Uability on all Banks Stocks is

limited to double the amount of the subscribed capital.

On all other stocks the hability of shareholders is strict-

ly limited to the amoimt of the subscribed capital.

"When all the Capital of a Company has been paid up,

it is often changed from Shares to Stock, because in the

case of Stock, transactions can be carried on with

reference to any portions of it, whereas in the case of

Shares, fractional parts of those Shai'es cannot be

transferred.

Three points must now be clearly marked :

(1) We shall know the amount of money received by
A for any given amount of stock, if we know the price of

the stock at the time of sale.

(2) We shall know how much stock can be bought by
B for any given amount of money, if we know the price

of the stock at the time of sale.

(3) We shall know the amoimt of income received by
A (aud subsequently by B) on any given amount of

stock, if we know the rate of interest payable on tlie

stock ; the income depending in no way on the price of

the stock.

These three cases we now proceed to illustrate :

Ex. (1). What is the value of |2500 stock in the

Dominion 6's at 98^ ?
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The value of $100 stock is $98.25 ;

$1 stock is $%'o-j'

;

' §2500 stock IS $ ~-^ ;

-= $2456.25.

Ex. (2). How much stock can be purcbased at 92^
for «;740.

For S92.50 I can pm-chase $100 stock
;

for $1 " $^^ ;

for $740 "
^^Y^'^.-o"-",

or $800 stock.

Ex. (;3). What annual income is derived from invest-

ing $3920 in the G per cents, at 98 ;

.*. $98 gives au income of $6 ;

.•. $1 gives au income of $-^'-g ;

.-. $3920 gives an income of $i^^|j^^, or $240.

Ex. (4). What sum must be invested in the Dominion
6's at 95 so that I may have an annual income of

$1200 ?

Since $6 is got from investing $95 ;

.•. $1 is got from investing $'j'
;

.-. S1200 is got from investing $
'-"°''"^

, or $19000.
'

Ex. (5). What annual income is derived from $3550
stock in the U.S. 5's, 10-40 ?

Income on SlOO stock is $5.

" S3550 " e-y^, or $177.50.

This is merely a case of finding the Interest, where
the stock is the Principal.

Ex. (G). Bought stock in the Bank of Commerce at

120. The last dividend was at 8 per cent. ; what per

cent, did I make on the investment ?

$120 gives an income of $8

;

.-.$1. "
$TlTr;

,.$100 "
$'-';2o-',or»G|.

.*. the per cent, required is Gf

.
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Ex. (7). When stock is at 84, how much stock must
be sold to raise $462 ?

Since .^84 is got from selling |100 stock;

.-. §1 " S\^"i stock;

.-. $4(52 " $4^^xj^
stock;

or $550 stock.

Ex. (8). What is the price of Outario Bank stock
when |;6000 stock produces §5880 ?

Since $6000 stock is worth $5880
;

. (61 i. 4 s R n .

... ^100 •' ^^^y^^A3±^,^QQ^

.'. the stock was selling at 98.

Ex. (9). By investing in the Dominion 6's I make 6^
per cent. ; what was the selhng price of this stock ?

Since 86.50 is got from investing $100;

••• ^1
"

H^o:
••• $6 " $%"!°-%r$92i^.

.*. the selling price was $92-i^.

Ex. (10). Which is the more advantageous stock to

invest in, 6 per cents, at 95, or 5 per cents, at 87^, and
how much per cent, is it hetter ?

Income for $95 in the 6 per cents, is $6

;

.•. Income for $1 in the 6 per cents, is ^-y%.

Income for .$1 in the 5 per cents is 83 ?! ^i" 8i"W-

We have now to compare the fractions q% and i\%.

Reduced to a common denominator these become 3^5'iV

and /s^iV.

.". Income for 81 in the 6 jter cents is (a^o^A' — aVA) of a
81 better than in the 5 per cents.

.*. Income for 8100 in the per cents is 100 X (-3W5" —
'}iW of a 81 better than in the 5 per cents.

Now 100 X (ziV'i's
-

-ihl'rs) = 'OL-.-per cent, required.

Ex. (11). A person transfers £5000 stock from a 8
per cent, stock at 72, and invests the proceeds in a 4
per cent, stock at 90- Find the difference in his in-

come.
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First, he seUs £5000 stock at 72, and gets ;fi(72x50) or

£3600.

Then he invests £3600 in the 4 per cent, stock at 90, and

buys ^36_oo?<ioo stock, or £4000 stock.
•' 90

Now his first income on the £5000 stock was £5^^^,
or £150.

And his second income on the £4000 stock is £lM|ii*,

or £160

;

.*. he increases his income by £10.

Ex. (12). A person invests £1075. 10s. in Consols

when they are at 89^, and sells out when they are at

93| ; what is bis gain, brokerage at -^ per cent, on each

transaction.

Here an annuity which costs £(89^-\-^) is sold for

£(93f-^);
.-.on £89 f the gain is £3|

;

3|
.-. on £1 the gain is £ggl, or £^ ;

.*. on £1075 10s. the gam is £1075. 5 x ^Yy, or £48. 10«.

Ex. (13). A person invested in Bank stock at 89

J

and sold out at 103^, and cleared ^397.50 ; how much
did he invest, brokerage being i per cent, on each tran-

saction ?

Here what cost §90 is sold for $108:^

;

.'. he gained §13.25 by investing $90 ;

.'. he gained $1 by investing $f|:s j 5

.-. he gained $397.50 by investing S---I:|-°^^^®°, or 82700.

Ex. (^14). A person having to pay §3606^ two years
hence, invested a certain sum in the Toronto G per "cent,

city bonds to accumulate interest until the debt be paid,
and also an equal sum next year ; supposing the invest-

ments to be made when the stock was at 99, and the
first year's interest also invested in stock, and the price

to remain the same, what must be the sum invested on
each occasion that there may be just sufficient to pay
the debt at the proper time ?
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Every $99 invested will give $6 interest;

,•. every $1 invested will give fl-j^g interest.

.-. S sum invested will giA'e 6 sum x o'o interest.

Now § sum X ITS) invested will give § sum x -^^ X ^'g

interest.

Hence at the end of the second year there were on hand
the two sums invested.

Two years' interest on the first investment= 2 X sum X
6
8 9'

One year's interest on the second investment := sum X
A,
And the interest on tlie first year's interest = suixi X 9^

X 99.

Or 2 sums + 3 X sum X /j + sum X A ^ A to meet

$3606A.
.-. (2 + il + ^lU) sum = $30063^3 ;

36% 3I
.'. sum -^^ $ 'TT^— $1050.

^y s 1

Examples (ex).

Find the value of

(1) 37G45 stock iia the G per cents, at 95.

(2) $9800 stock in the 5 per cents, at 80.

(3) $7G50 stock in the 7 per cents, at 118^.

(4) i'3850 stock in the 3 per cents, at 92.

(5) .£572 lOi. stock in the 3 per cents, at 91^.

How much atock will

(6) 38400 buy Jjq the 4 per cents, at 75 '.>
"

(7) $3757.50 buy in the 8 pur cents, at 125^?

(8) $994.50 buy in the 7 per cents, at 117 ?

(9) .£2199 buy in tlie 3 per cents, at 91^ ?

(10) .£5527 lOi'. buy iii the 3 per cents, at 92^ ?

What income is got from investing

(11) $934.25 in the 6 per cents, at 101 '}

(12) $4147 in 4 per cent, stock at 72^7 V

(13) $6720 in b\ per cent, stock at 96 '>

(14) $3725 in 3 per cent, stock at 74! ?

(15) i;8475 lOs. in 3 per cent, stock at 92^?
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What amount of stock must be sold

(16) In the 8 per cents, at 125 to produce §750 ?

(17) In the Dominion 5's at 92^ to produce §629 ?

(18) In the 6 per cents, at 101 to produce $9.59.50

(19) In the 7h per cents, at 128 to produce $4096?

What i^er cent, is made by investing in the

(20) 8 per cents, at 120?

(21) 6 per cents, at 95 ?

(22) G per cents, at 104 ?

(23) 3^ per cents, at 75 ?

When Greenbacks are at

(24) 90, what is the price of gold ?

(25) 92J, what ia the price of gold ?

(26) 84, what is the price of gold ?

When gold is at a premium of

(27) 10 per cent., what are " Greenbacks" quoted at ?

(28) 25 per cent., what are "Greenbacks " quoted at?

(29) 14 per cent., what is 85700 of American Currency

worth ?

What sum must be invested in the

(30) 8 per cents., at 120 so as to produce an income of

$640.

(31) 5 per cents., at 90 so as to produce an income of

33750 ?

(32) 4^ |per cents., at 67 so as to produce an income of

«2790.

What is the selling pi-ico of stock when

(33) $550 stock in the 6 per cents, produce $558.25 ?

(34) $7840 stock in the 4 per cents, produce SC)r)64?

(35^ £840 stock in the 3 per cents, produce £773. 17«. ?

(36) What must I pay for U. S. 10-40*3 ( Interest at 6 %)
that my investment may yield 6 per cent ?

(37) Which is the better investment, the buying of 9 per
cent, stocks at 25 per cent, advance, or G per cent, stocks at

25 per cent, discount, and how much per cent, better ?

(38) The diffe»ence between tlie incomes derived from in-

vesting a certain sum in 6 per cent, stock at 126. and ia 9
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per cent, stock at 510, is ^22. 10«. What is the amount in-

vested ?

(39) I sell out of the 3 per cents, at 96, and invest the
proceeds in Railway 5 per cent, stock at par; find by how
much per cent, my lacome is increased.

(40) If a 3^ per cent, stock be at 91, how much must 1

invest in it, so as to have a yearly income of £952, after pay-
ing 7d in the pound income-tax ?

(41) By selling ovit £4500 in the India 5 per cent, stock at

112^, and investing the proceeds in Egyptian 7 per cent,

stock, a person finds his income increased by £168. 15».

What is the price of the latter stock?

(42) Find the alteration in income occasioned by shifting

£3200 stock from the 3 per cents, at 86|, to 4 per cent, stock

at 114g : the brokerage being ^ per cent.

(43) A owns a farm which rents for 0411.45 per annum.
If he sell the farm for $8229, and invest the proceeds in U.
S. 6*8, 5-20's of 84, at 105, paying \ per cent, brokerage, will

his yearly income be increased or diminished, and how
much ?

(44) Through a broker I invested a certain sum of money
in U.S. 6's, 5-20 at 107^, and twice as much in U.S. 6'b

10-40 at 98j, brokerage in each case \ per cent. My in-

come from both investments was $1674:, How much did I

invest in each kind of stock ?

(45) A purchased goods for which he was to pay $7000 in

currency, or $5500 in gold. "Will he gain or lose by accept-

ing the latter proposal, gold being at 125, and how much ?

(46) I invest in the 3 per cents, at 92. They fall to 85,

and I sell out and obtain a safe investment paying 5 per

cent., but not subject to fluctuation of value. How long

must I hold it before I shall make a profit by the change,

in case 3 per cents rose to their former value ?

(47) I own $4000 Montreal Bank stock paying an annual
dividend of 14 per cent. I sell at 180 and invest in Toronto

Gas Company stock at 125 and receive an annual dividend

of 9 per cent. "What change is made in mj^ income, broker-

age being | % and | % on the respective transactions ?

(48) A person bought stock at 95|, and after receiving the

half yearly dividend at the rate of 7 per cent, per annum,
sold out at 92| and made a profit of $37.50. How much
stock did he buy '?

(49) "Whether is it better to invest in the 6 per cents at

98^, or in the 5 per cents at 85, brokerage being \ pel' cent.?
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(50) What sum must a man invest in the Domuaion 6's at

101 in order to have a clear income of $1775.50, after pay-

ing an income tax of If cents on the dollar on all over

$400?

(51) A gentleman has been receiving 12 per cent, on hie

capital in Canada. He goes to England to reside, and in-

vests it in the 3 per cents, at 94f , and his iacome in England
is £2400. What was his income in Canada, £ being equal

to $4.86f ?

(52) By selling out ^4500 in the India Five per Cent.

Stock at H2f , and investing the proceeds in Egyptian Seven
per Cent. Stock, A finds bis income increased by ^168. 15«.

Wbat was the price of the latter stock, brokerage on eacb

ti'ausaction being ^ per cent. ?

(53) The 6 per" cents, are at 91^ and the 7 per cents, at

102. A person has a sum of money to invest which will give

him $3500 more of the former stock than of the latter. Find
the difference of income he could obtain by investing in the

two stocks.

(54) One company guarantees to pay 5 per cent, on shares

of $100 each ; another guarantees at the rate of 4f per cent,

on shares of $'60 each ; the price of tiie former is 124i^, and
of the latter $34 each ; compare the rates of interest which
the shares return to the purchasers.

(55) The present income of a railway company would
justify a dividend of 3f per cent., if there were no preference

shares ; but as $1200000 of the stock consists of such shares,

wh'ch are guaranteed 5 per cent, per annum, the ordinaiy
shareholders receive only 3 per cent. What is the whole
amount of stock ?

(56) Received from my correspondent in New York
$6150 U.S. cvn-rency, with instructions to deduct my com-
mission at 2^ per cent., and invest the remainder in Cana-
dian Tweeds worth $1.03.^ per yard. How many yards
should I send him, gold being quoted at 115 ?

Examination Pwpers.

I.

(1) In a sale of goods for $728 there is a loss of 9 per
cent. ; for what must 3 times the quantity be sold in order
to gain 7 per cent. ?

(2) If 20 per cent, be gained by selling an article for $2.10;
what i3 the gain or loss per cent, when it is sold for $1.60 ?
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(8) A grocer ii>id 150 Uis. of t^'a, of which be sold 50 Ibfe.

at SI.80 per pound, aud fonnd he was gaiu' jq only 7.^ per

cent., but he wished to gain 10 per cent, on the who'e. At
what rate must the remaining lOO lbs. be sold that he may
attain his wishes?

(4) A tradesman adds 85 per cent, to the cost price of his

goods, and gives his customers a reduction of 10 per cent, on
their bills ; what profit does he make ?

(5) A bill of S2520 due a year hence can be taken np now
at 5 per cent, discount. Supposing a tradesman can employ
his capital so as to obtain interest at the end of erery quarter

at the rate of 4A per cent, per annum, had he better eo

employ it or take up the bill ; and what will be the difference

to him?

II.

(1) A tradesman marks bis goods with two prices, one
for ready money, and the other for one year's credit, allow-

ing discount at 5 per cent. If the credit price be marked
$2.45, what ought the cash price to be ?

(2) If goods be sold on condition to allow 10 per cent,

discount, if payment be made at the end of six months,
what discount ought to be allowed if payment be ac'iually

made (1) three mouths before, and (2) three months a/fcr the
stated time, if money bear interest at 5 per cent, per annum ?

(3) A person purchases goods at $1.20 per pound Troy
weight and sells them again by Avoirdupois weight ; at

what rate per ounce must he sell so as exactly to re'.mburse

his outlay ?

(4) TSTiat is meant when it is said that Consols are at

8Si ? What are they at when £0000 is paid for £10000
Consols ?

(5) A person sells $1200 stock in the 3 per cents, at 86, in

order to invest in bank stock paying 8 per cent.; what price

must he pay for it to be neither a gainer nor loser ?

III.

(1) I send $30G0 to my agent in Montreal to invest in tea

at 75c per lb. He deducts his commission of 2 per cent,

and purchases the tea. IIow many pounds do I receive and
at what must I sell per lb. so as to make a profit of 40 %
after paying freightage $30 and insurance at the rate of \

per cent.?

(2) Bought land at $50 an acre ; how much must I ask

an acre that I mav take oS 25 per cent, from my asking
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price, and eiiU make 20 per cent, profit on th« pnrchaBe
money ?

(3) A buys Bilks at $2.25 per yard on a credit of C months.
^ buys the same quality of silks for $2.15 per yard, cash.

Which makes the best purchase, money being worth 10 per
cent., and what must the goods be marked at to insure a
gain of 25 per cent.? Or, if the silks be sold at $3 per yard,

what profit per cent, does each make ?

(4) A person buys an article and sells it so as to gain 5

per cent. If he had bought it at 5 per cent, less, and sold

it for 5 cents less, he would have gained 10 per cent. Find_
the cost price.

(6) A person buys 6 per cent, city of Toronto bonds, the

interest on which is paid yearly, and which are to be paid

off at par, 3 years after the time of purchase ; if money be

worth 6 per cent., what price should he give for the bonds ?

IV.

(1) Bought cloth at $8 in gold, and sold at $4 in currency.

Did I gain or lose by the transaction, and how much per
cent, in currency, gold being at 118?

(2) A merchant sold 24 cheese at ^30 each. On one half

be gained 30 per cent., and on the remainder he lost 30 per
eent. ; did he gain or lose on the whole, and how much ?

(3) A man wishing to sell his farm asked 36 per cent, more
than it cost him, but .he finally sold it for 20 per cent, less

than his asking price. He gained $528 by the transaction.

How much did the farm cost, what was his asking price,

and f >r how much did he sell it ?

(1) A person having to pay $1085 at the end of 2 years
invested a certain sum in 3 per cent, stock, allowing the
dividends to accumulate until the payment of the debt, and
also an equal sum next year, and also the previous year's

interest. If the investment is made and the debt paid when
stock was at 73, what must bo tlio sum invested on each
occasion that there may be just eufi&cient to pay the debt at

the proper time ?

(5) A merchant's stock-in-trade is rained on Jan. 1, 1875,
at $40000, he has §1750 in cash and owes $9350 ; during the
year his personal expenses, $1500 are paid out of the pro-

ceeds of the business, and on Jan. 1, 1876, his stock is valued
at $39750, he has $2850 in cash and owes $7550. Wliat is

the whole profit of the year's transactions after deducting 6
per cent, interest on the capital with which be began the
year?
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V.

(1) I received an 8 per cent, dividend on railway stock,

and invested the money in the same stock at 80. My stock

having increased to $13750, what was the amount of my
dividend ?

(2) How many shares of $50 each must be bought at 25

per cent, discount, brokerage If per cent., and sold at 16

per cent, discount, brokerage 1^ per cent., to gain $121,661 ?

(3) What sum must be invested in United States 10-40's

bearing interest at 5 per cent., payable in gold purchased at

par, to produce a semi-annual income of $4:00 U. S. currency,

when gold is quoted at 175 per cent. ?

(4) The charter of a new railroad company limits the
stock to $1500000, of which 3 instalments of 10 per cent.,

20 per cent., and 40 per cent, respectively having been paid

in ; the cost of construction has reached $850000, and the

estimated cost of completion is $850000. if the company
call in the final instalment of its stock, and assess the stock-

holders for the remaining outlay, what will be the rate per
cent. ?

(5) A person invests $16380 in the 3 per cents, at 91 ; he
Bells out $12000 stock when they have risen to 93 t, and the

remainder when they have fallen to 85. How much does

he gain or lose by the transaction. If he invests the pro-

duce in 4i per cent, stock at 102, what is the difference in

his income ?

XXVIII. Division into Proportional Parts.

202. Suppose 3 persous, A, B, and G, to be in part-

nership, and an arrangement made that the profits of

the business, in which they are engaged, ai-e to be di-

vided into 6 equal parts, of which A is to take 3 parts,

B 2 parts, and G 1 pare. The shares of A, B, and C
are then said to be in the proportion of 3, 2, and 1.

Ex. (1). Divide $1275 among 3 persons, whose
shaies are to be in the proportion of 3, 6, and 7.

This may be regarded as a case in which one holds 3

shares, one 5, and one 7, and they hold 15 shares in alL

Hence, if we divide 01275 by 15, and we get the amount
of one share, that is, amount of one share = $ '^^* = $86.

Then one of the persons receives 3 X $85, or $255 ;

the second receives 5 x $35, or $425

;

the third receives 7 x $36, or $596.
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Ex. (2), Divide §837 among three partners, wbose
shares are to be in proportion of i, ^, and f.

The common clenominfitor of h, j, and |- is 30

,

.*. the shares are to be in the proportion of J^jj, io, and -jV;
that is tlie proportion of 15, 10, and G;

Now 15 + 10 + 6 = 31.

,•. amount of ojifi share out of 31 shares = g^^V — S'27.

Then one of the partners receives 15 x $'27, or $405 ;

the second receives 10 x §27, or S270 ;

the third receives 6 X S27, or §162.

Ex. (3). A rate of $4212 is to be paid by three town-

ships, and the property on wiiich it is levied is $24700
in tlie first, $37250 in the second, and $43350 m the

tliird. What sum is paid by each ?

Amount of property on which the rate is levied is $105300.

Then $105300 has to pay a rate $4212.

.-. ^1 has to pay a rate$ToEjo(y;

.'. $24700 has to pay a rate $^^^
^ ^ 3^0" ' °^ ^^^^ '

.$37250 has to pay a rate S^ '

j „
"
3 o

^ ^
'

°^' ^ ^^^^ '>

$43350 has to pay a rate $^'
f 05300 * "' "^ S1734.

Ex. (4). Divide $1000 among A, B, and C, so that A
may have half as much again as />, and Ji a third as

mncb again as C.

Representing C's part by 1,

7?'s part will be 1 g,

and /I's part will be 1^ + 4 of 1^ =2 ;

and, ther(^fore, the parts ai-e to be as the numbers 2. 1^, 1,

.•» All the shares =:2 + ]?,- + l-=4^ times C's share.

4^ times C"s ^ $1000,

$1000
C's^—^^- =$230-769,

7?'s = i of O's = S307-C92.

^'s == 2 times C's = ^461-538.

Ex. (5). Divide the number 237 into three parts, such

that three times the first may be equal to 5 times the

second and to 8 times the third.

Take the first part as the unit; then by the question
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the second part will be ^ of the first, and the tliira will

be I of the first.

Slim of the parts = 1 + i^ + ^ = J o times tlie first.

Hence iiJ times tlie 1st = 2o7,

the Is^ =: 237 H- i3 = 120,

the 2iKi = i o{ 1st = I of 120 = 72.

the '6n\ = | of 1st --^ § of 120 = 45.

Ex. (G). Divide $3400 aiuong A, B, aud C, so that

A may have $800 more than § of B's share, and JJ $G00
less than f ol C's share.

Representing C'a ehare by 1, then
/>"s sliare = 5 of C"s sliare — S600
^'s share = § of ii's sliare + t^SOO

= t(f of C's — $600) + $800
= i of C's + S40U

Sum of all the shares = C's + J C's — S6C0 + i C's + $400
= I C's — $200.

.-. J C's — $200 = 83400

i C's = §3400 + $200
= $3600

C's = $1600.
B's = f of $1600 — $600
= $600.

A's ^ ^' of $1600 -^ $400
-^ .$1200.

Examples, (cxi).

(1)' Divide $60 into two parts proportional to 11 and 9.

(2) Divide $2500 into parts proportional to 2, 3, 7, 8.

(3) Divide $8470 into parts proportional to j, ^, .j and i.

(4) Gunpowder is made of saltpetre, sulphur, and charcoal.

in parts prox)oitional to 75, 10 aud 15 ; how many pounds of

each are contidned in 12 cwt. of gunpowder ?

(5) The sides of a triangle are as 3, 4, 5, and the sum oi

the lengths of the sides is 460 yards ; find the sides.

(6) Divide $640 among A, B and C, so that ^4 may have
three times as much as B, and C as much as A aud B to-

gether.

(7) Divide 100 apples among three boys, so that the first

may receive 7 as often as the seeond yeceives 8, and the third

may receive 5 as often as the second receives 4.

CB) A bankrupt owns i'272 lOi. to ^, X'354 56-. to B, and
i'4'JO lOs. to C: his assets are. i'418- 19s. 4^d. What wil]

sach of the creditors receive ?
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(9) A force of police 1921 strong is lo be distributed among
4 towns in proportion to the number of inhabitants in each

;

the population being 4150, 12450, 24900, and 29050, respec-

tively. Determine the number of m.en sent to each.

(10) Divide £29 into an equal number of halt-sovereigns,

crowns, half-crowns, shillings, sixpences, and fourpences.

(11) A piece of land of 200 acres is to be divided among
four persons, in proportion to their rentals from surrounding

property : supposing these i-ents to be i£500, £350, ^800, and
£90, how many aci-es must be allotted to eacti ?

(12) Divide £2. 55. among A, B, and C, so that for
each threepenny piece received by A, B may receive a four-
penny piece, and that there are as many shillings in the sum
received by C as there are sixpences in the sum received
by B

(13) Divide $10.40 among 5 men, 7 women, and 14 boys.

60 that each woman may have \ of each man's share, and
each boy | of each woman's share.

(14) A number of men, women, and children, are in the
proportions 2, 3, 5 ; divide §517.65 among thom, so that the
shires of a man, a woman, and a child may be proportional
to 3, 2, 1, there being 9 women.

(15) A man left his property to be divided among his 3
sons in proportion to their ages which are -0. 18, and 12
years. The share of the youngest is §1440. >V^hat was the

value ol the property ?

(16) Divide $5000 among A,^, and C, so that A mnf get

$300 less than f of C's share, and C, $800 more than | of B's

share. What are the shares ol each ?

(17) Divide 15000 among A, B, C, and D, so that A may
get f of B's share and §1^50; B, $200 more than | of C's

share, C, $100 less than -I'o of D's share. What are the
shares of each?

(18) The sum of three fractions is 1||^ ; and 22 times the

first, 23 times the second, and 24 times the third give equal
products. Find the fraction.

(19) Divide the simple interest on *1171 for 13 years at 6
per cent, in parts which shall have the same relation as 5, rr,

9 5 8
XTS^ 1^' T5^*

(20) Of the boys in a school one-third are over 15 years of

age, one third between 10 and 15. A legacy of $400 can be
exactly divided amongst them by giving %\ to each boy over
15, $^ to each between 10 and 15, and $^ to each of the rest.

How many boys are there in the schnoL
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PARTNERSHTP.

203. When persons unite to carry on any particular

brajjcli of business the connection so formed is called a
PAKTNERSHip, Thc mctliod of Working questions in

partnership is the same as that explained in the preced •

ing article,

Ex. (1). A, B, ^nd C entered into pai'tnership to

carry on a mercantile business for two years. A puts

in S9000, B ^0000, and C $3000. They gained $4500.

What is each one's share of the gain ?

The whole capital invested is $18000.

Then $18000 gain S4500.

.-. $1 gains §1*^^ or Si.

S9000 gains %^p ^ $2250.

SGOOO gains .f^^* = §1500.

§3000 gains S—^— = §750.

Hrnce J.'s share of the gain is $2250 ; JB's, $1500 ; and
C'«, §750.

Ex. (2). A, B, and C entered into partnership for

ti-ading. A put in $000 for 4 months ; B .$400 for 5

months, and C $200 for 6 months. They gained $980 ;

what was each man's share of the gain ?

$(500 for 4 months = $2400 for 1 month.

$400 " 6 " = S2000 "

$200 " 6 " =$1200 "

The whole capital is equivalent to $5600 for 1 month.

Then $5000 gain $980

;

.-. SI gains St;^=?V-
.*2400 gains S^^^A^ =" §420.

<3 4

$2000 gains $2_o^oiil = $350.

$1200 gains $^-?^°°^ = $210.

.-. A's share is $420, B's $850, and O's $210.

Examples (exii)

(1) Two men jointly purchased a house for $2592, the

first contributing $864 towards the purchase and the second
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$1728. They afterwards rented the house for $132.75 aunu-
aily. What share of the rent ought each to have ?

(2) A, B, and jointly rented a pasture for 3 months,
agreeing to pay $22.50 fir the use of the same. A put in

6 horses, B put in 18 cows, and G 90 sheep. Considering
each horse as equivalent to two cows, and each cow as equal
to 3 sheep, what part of the rent ought each to pay?

(3) A, B, and entered into partnership for speculating

in cotton, their joint capital being §25780, of which A fur-

nished I, B contributed J of the remainder, and C'the bal-

ance. Their clear profit was 20 per cent, of the original in-

vestment. How should it be divided ?

(4) A starts a business with a capital of §2400 on the 19th

of March, and on the 17th of July admits a partner B with a

capital of $1800. The profits am^ount to §943 by the 31st oi

December. What is each person's share ?

(5) /) and E enter into partnership; D puts in ^0 for

•3 months, and E $75 for 4 months. They gain §70. What
is each man's share in the gain ?

(6) A, B, U are partners ; A put* in §500 for 7 months,
B $600 for 8 months, and G §900 for 9 months. The profit

is §410. What is the share of each?

(7) Three gi'aziers hire a pasture for their common use,

for which they pay S106. One puts in 10 oxen for 3 months,
another 12 oxen for 4 months, and the third 14 oxen for 2
months. How much of the rent should each pay ?

(8) Two men complete in a fortnight a piece of work for

which they are paid §29.55. One of them works alternately

9 hours and 8 hours a day. The other works 9A hours for

5 days in the week, and does nothing on the renaaining day.
What part of the sum should each receive ?

(9) A and B besrin to trade in partnership. A puts in

$400 at first, and §500 at the end of two months. B puts in

§300 at first, and §000 at the end of three months. The
profit at the end of the year is §470. How should this be
divided ?

(10) Johnston and Wilson formed a copartnership in
business for 2 years. Johnston at first contributed §3000 to

joint capital, and at the end of 12 months put in §1500 more.
Wilson at first put in §3.500, but at the end of 15 months
from the beginning withdrew .§1000. At the end of the first

year they admitted MilU-r into the firm, ho contributing
§2250. Their joint profits were §1248. HuW ought this to

be apportioned ?
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(11) A and B rent a field for $88.20, A puts in 10 horses
for l.j months, 30 oxen for 2 months, and 100 sheep for 3^
months ; B, 40 horses for 2^ months, 50 oxen for 1| months
and 115 seeep for 3 months. If the food consumed in the
same time by a horse, an ox and a sheep, be as the numbers
3, 2, 1, what proportion of the rent must each pay ?

(12) A person in his will directed that -j his property
should be given to A, ^ to B, ^ to G, and J to X) ; shew that

this disposition cannot be fulfilled. If his property amount
to $1886.50, dispose of it so that their shares may have to

one anotiier the relation he intended.

(13) A, B, and Chad each a cask of rum containing re-

spectively 86, 54, and 78 galloiis. They blended their rum
and then infilled their casks from the mixture ; how much of

the rums o/ A and B are contained in C\ cask ?

(14) A rents a house for $187.20, at the end of 4 months
he takes in £ as a co-tenant, and they admit G in like man-
ner for*the last 2i months ; what portion of the rent must
eauh of them pay ?

PARTNERSHIP ^SETTLEMENTS.

204. When a partnership is dissolved, either by mu-
tual consent or by limitation of contract, the adjustment
of the proceeds between the members is called a Partner-

ship Settlement. If the Resources are found to exceed

the LDauLiTiES, the difference is termed Net Capital
;

if the Liabihties exceed the Eesources, the difference is

Net Insolvency. The investment of the partners is the

Net Capital at commencement. If the net capital at

closing exceeds the net capital at commencement,
the difference is the Net Gain ; if the ojiposite, Net
Loss. This net gain, or net loss, is then shared

between the partners in accordance "with the original

agreement between them. This division is frequently

not made in exact proportion to the amount invested

;

sometimes the skill of one partner is considered equal

to the capital of another ; sometimes a stated salary is

allowed each partner according to his abihty or reputa-

tion; and sometimes, where unequal amounts are in-

vested, interest is allowed each partner on his invest-

ment ; but whatever allowance is made such allowance

viuat be chissed aa a liability and go to reduce tJie gain.
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Estate wouth $5000. They owe on Mortgages, 33840: on
Notes, $4402 ; on Personal Accounts, $075. A invested

SGODO and drew out S'iSGl). B invested &4000, drew out,

$5500, and is allowed for extra services 1?250. A shares f
and jB s of the gains and losses. "What is the net loss ?

What is the financial standing of each ?

XXIX. Alligation.

205. Alligation is the process By which we find the

moan or average price of a compound when we mix or

unite two or more articles of different values.

Ex. (1). A merchant lias brown sugar worth 8 cents

per pound. New Orleans worth 9 cents, and refined

sugar worth 14 cents ; Low many pounds of each kind

must be use in order to form a mixture worth 12 cents

per pound '?

Bj" selling the mixture at 12 cents per pound, we see that

8 cents (brown) gains 4 cents on 1 lb. ; .•. 1 cent, is gained

on ^ lb.

9 cents (New Orleans) gains 3 cents on 1 lb. ;
.'.1 cent, is

gained on ;^- lb.

14 cents (refined) loses 2 cents on 1 lb. ; .•. 1 cent, is lost

on i lb.

Now with every cent, gain he must combine a cent, loss,

hence lie must have

^ lb. at 8cts.\ (3 lbs. at Sets,

-i lb. " 14 cts. ' ^ ' lbs. " 14 cts.

i lb. " 9 cts.
i"

', 4 lbs. " 9 cts.

I lb. " 14 cts. J (eibs. " 14 cts.

He must, therefore, have 3 lbs. brown sugar, 4 lbs. New
Orleans, and 12 lbs. refined.

"We may show that these quantities will make the mixture
requii'ed, as follows

:

3 lbs. at 8 cts. per lb. = 24 cts.

4 lbs. " 9 cts. " = 30 cts.

12 lbs. " 14 cts. " = 108 cts.

19 cts. = whole mixture. 228 cts. = value of mixture.

Hence if 19 lbs. be worth 228 cents,

1 lb. is worth -fif- = 12 cts.

Or we may reason thus : The 1 ct. gained on the ^ lb. of

brown exactly balances the 1 ct. lost on the i lb. of tlie
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refined. Hence he must take J lb. of the brown and J lb. of

the refined, or 2 lbs. of the one and 4 lbs. of the other.

Similarly, for every 2 lbs. of New Orleans, there must be
3 lbs. of refined. A.8 4 lbs. of refined were required to bal-

ance the brown, and 3 lbs. of the refined to balance the New
Orleans, there must be 7 lbs. of the refined in the compound.
Therefore the respective quantities are 2 lbs. brown, 2 lbs.

New Orleans, and 7 lbs. refined.

From the above, we see that in examples of this kind a
variety of answers may frequently be obtained, and all of

them may be correct. To ascertain their correctness we
resort to the method of proof given in this example.

206. From the above analysis ^ve derive an easy
practical metliod of solving such questions.

Ex. (2). How much sugar at 10, 13, 15, 17, and 18
cents per pound must be taken to make a mixture
worth 16 cents ?

We proceed as follows :

Differences. 16

10
13

15

17

"Write down the prices in a
vertical column, and place the

1 liffereiices between these prices

1 and the mean in a second verti-

1 cal column to the left. Now
take 1 @ 10, 1 @ 13, and 1 @ 15,

2, 4, G, 8 (the lowest that can be taken)

;

18
i
4, 3, 2, 1 this would represent a Ions of 10

a>6 compared with the viean ; and this loss must be balanced

by taking the necessary multiples of the differences 1 and 2,

which represent gaui as compared with the mean.

It is seen that this loss of 10 can be made up in fmir ways,

&y 2 @ 17, 4 @ lb, 4 @ 17, 'J @ lb, G @ 17, -2 @ 18, 8 @ 17, and
I m lb.

Otlier combinations may be made, as e.g. :

10
I

1 Here 1 @. 10, 1 @ 13, and 2 @ 15,

13 I 1 ^nve loss of 11, which c.m be made up
15 2 jy multiples of the diffei-ences 1 and
'... ... 2 (opposite 17 and 13) m five ways,

P, 5, 7, 9 as iuthcated.17

.
18

Also,

1,

6, 4, 3, 2, 1
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6
I

10 1

3 13 2

1 16 1

Whore 1 @ 10, 2 @ 13 and 1 ;§
15 give 13 loss; whicii may be

made up in six different ways.

1 17 1, 3, 5, 7, 9, 11

2 ' 18 G, 5, 4, 3, 2, 1

Again,

2
1

1

6
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ture ma}- be worth 14 cents per pound ; how many
pounds of clarified sugar must he take ?

Proceeding as in the previous examples, without refer-

ence to the quantity of the brown sugar, we find that

there must be 1 lb. brown sugar to 2 lbs. clarified sugar.

But as 12 lbs. of brown sugar are requii-ed, we must
multiply each of these quantities by 12 in order that

the gain and loss may be equal. We shall therefore

have 12 X 2= 24 lbs. of clarified sugar.

Ex. (4). A grocer wishes to mix 20 lbs. of sugar,

worth 9 cents per pound, and 10 lbs. worth 12 cents

per pound, with clai'ified sugar, worth 15 cents, so that

the compound may sell for 13 cents; how much of the

clarified must he take ?

20 lbs. at 9 cents = S1.80
10 lbs. at 12 cents = f 1.20

80 $3.00

Then, if 30 lbs. is worth 03,
1 lb. " ^% = 10 cents.

The value of 1 lb. of the mixture is, therefore, worth

10 cents. The question may then be read as follows :

How many pounds of clarified sugar, worth 15 cents

per pound, must be mixed with 30 lbs. of another kind

of sugar, worth 10 cents per pound, so that the mixture

may be sold for 13 cents per pound ?

The question in this form has abeady been fuHy ex-

plained.

Ex. (5), A merchant has AVest India sugar worth 8
cents per pound, and New Orleans sugar worth 13 cents.

He wislies to combine these so as to make a barrel,

containing 175 lbs., which he may sell at 11 cents per
pound. How many pounds of each kind must he take ?

Solving the question without reference to tlie 175 lbs.,

we find that 2 lbs. of West India sugar, and 3 lbs. of

New Orleans sugar wiU form a mixture worth 11 cents

per pound. Adding tliese quantities, we find that they

form a mixture of 6 lbs. But the required mixture is
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to contain 175 lbs., or 85 times 5. We shall therefore

have
35 X 2 lbs. = 70 lbs. West India sn^^ar.

85 X 3 lbs. = 105 lbs. New Orleans sugar.

Examples . (cxiv)

(1) What quantities of coffee, worth 23 and 36 oonts

respectively per pound, must be mixed together bo that the

compound may be sold for 30 cents a pound ?

(2) What quantity of oats at 35 cents per bushel, rye at GO

cents per bushel, and barley at 80 cents, must be taken a
form a mixture worth 65 cents per bushel ?

(3) How mucb tea, worth respectively 65 cents and 75

cents per pound, must be mixed witb 30 lbs., worth 90 cents

per pound, in order that the compound may be sold for 70

cents per pound ?

(4) How mucb water will it require to dilute 60 gallons of

alcohol, worth $1.50 per gallon, so that the mixture may be

worth only $1.20 per gallon ?

(5) How many gallons of kerosene oil, worth 60 cents per

gallon, must be mixed with 12 gallons of coal oil, worth 36

cents, and 8 gallons of Aurora oil, worth 56 cents, so that

the compound may be sold for 60 cents per gallon ?

(G) A farmer has 16 bushels of com, worth 48 cents per

bushel, and 12 bushels of oats, at 34 cents per bushel, which

he wishes to mix with rye, at 60 cents, and barley, at 80

cents, in order to sell the compound at 56 cents per bushel.

How many bushels of rye and barley will be required ?

(7) A confectioner mixes three different qualities of candy
worth respectively 14 cents, 18 cents, and 30 cents per

pound, so as to make a box of 84 lbs.; how many pounds of

each sort must he take so as to sell the compound at an

average price of 24 cents per pound ?

(8) A farmer has three different qualities of wool, worth

respectively 33 cents, 37 cents, and 45 cents per pound. He
wishes to make up a package amounting to 120 lbs., which

be can afford to sell at 39 cents per pound. How many
pounds of each kind must he take ?

XXX. Exchange.

207. The term Excluuujeis here used for giving or

receiving in the money of one country a sum equal in

value to a sum of money of another coxmtry. For ex-
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ample, if an English merchant pays to a French mer-

chant 100 sovereigns and receives inretui-n 2500fianc8,

it is a case of Exchange.

In countries which cai'ry on considerable trade with

each other, the debts reciprocally due from the one to

the other are generally nearly equal. In England there

is always a large number of persons indebted to others

in America, and likewise a large number in America
owing money in England. Now i^ coin, or specie, as it

is called, were sent from England to pay the debts in

America, and fi-om America to England, the specie

would have to be transmitted twice, and would neces-

sarily involve risk, loss of interest, and expense of tran-

sportation. To avoid this risk, &c.. Bills of Exch.vnge

are used to hquidate debts reciprocally due between two
places without any actual transmission of money.

208. A Bill of Exchange is a written order, ad-

dressed to a person in a distant place, dii'ecting him to

pay a certain sum of money, at a specified time, to

another, or to his order. The person who signs the

bni is called the Drawer, or Maicer. The person to

whom it is addressed is the DRAf^EE, and after the

Drawee agrees to pay it, and ^vi-ites "accepted" with
his signatui-e and the date, across the lace of it, he be-

comes the Acceptor. The person to whom the money
is to be paid is the Payee ; if he transfers payment to

another he Endorses it, i.e., he wiites his name across

the back of it and becomes responsible for its payment
in case the Drawee fails to make payment.

209. The Par of ExcJutnge between two countries
denotes the nominal value of a unit of coinage in one
country, as estimated in terms of a unit of coinage ia
the other country.

As we supposed the exports from England and Amer-
ica to be equal, creditors in England will be as anxious
to sell bills on America as debtors to buy them, and tlie

exchange will deviate but slightly from the 'pC'^ of Ex-
change. But if the exports from America are in excess
of those from England, or the Balance of Trade i& ia
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favor of America, the claims of America in England
will exceed its liabilities, and the EngUsh will give iiiore

than the ])ar value of such bills to avoid tlie cost of

transmitting R])ccic ; and on the other hand, the export-

ers in America not finding sufficient purchasers for all

their bills on England, will sell them at less than their

par value. Now the real rate of exchange depending

on the balance of trade is called the Course of Ex-
change ; and it is at a premium or discount according as

it is above or below the par of exchange. Of course no
one wonld give a premium greater than the cost of

transmitting specie. But if the balance of trade is

against England as regards America, but in favor of

England as against France, the English merchant may
find it advantageous to remit to France, and then for

France to remit to America, and this mode is adopted

when the course of cxciiange by this circuitous route is

less than the direct course of exchange. The finding

the course of exchange between two places, by com-
paring the courses of exchange betw^een them and one
or more intervening places is called Arbitration op

Exchange. The arbitration is Simple when only one

place intervenes, and Compound when more than one.

Bills of Exchange are usually di-a^vn in sets, three

bills constituting a set. These are distinguished from
one another by being \called the first, second, and third

of exchange. These are forwarded by different routes

so as to guard against delay or their being lost. The
first that arrives is paid, and the other two becomt

void.

210. By Act of Parliament the value of the pound
aterhng was fixed at $4^. This was much below its

intrinsic value, which is now fixed at $4.86f. The
rates of exchange which are quoted in commercial

papers are still calculated at a certain per cent, on tJoe

old par of excAange. Exchange is at par between Great

Britain and Canada when it is at a premium of 9^ per

cent., for $4| increased by 9^ per cent., equals $4.8G|.
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FORM OF DRAFT OR INLAND BILL OF EXCHANGE.

$1000. Toronto, July 12, 1877.

. At ten days' siglit, pay to the order

of Adam Miller & Co., One Thousand
Dollars, value received, and charge

to account of

W. E. Jones.

To. J. Smith & Co.,

Montreal.

Stamp

FORM OP A FOREIGN BILL OF EXCHANGE.

Exchange for £200. Toronto, July 12, 1877

Three days after sight of this first

of exchange (second and third of

same date and tenor unpaid), pay to

Adam Miller & Co., or order. Two
Hundred Pounds Sterling, value

received, and charge tlie same to

the account of

W. B. Tayloe.

To Geo. H. Simpson,
Banker, London

.

FOREIGN MONEYS OF ACCOUNT,

With the par value of the unit, us Jixed by cuinraercial

usage, expressed in dollars and ceu.ts.

Austria.—60 kreutzers = 1 florin (silver) = $*485

Belgium.—100 cents = 1 guilder or florin ; 1 guilder

(silver) = '40

Brazil.—1000 ree8= l milree = -828

British India.—12 pice = 1 anna ; 16 annas = 1

Company's rupee = '445

Buenos Ayres.—8 rials = 1 dollar cuiTency, mean
value = , '93

Canton.—10 cash= 1 candarines ; 10 cand. = 1 mace

;

10 mace = 1 tael =^ 1-48

Cuba, Columbia, and Chili.—8 rials = 1 dollar = ... l.OO

Denmark.—12 pfenning = 3 skilling ; 16 skilhng =
1 marc ; 6 marcs = 1 rix-doUar ^= -52

France.—10 centimes = 1 dtcime ; 10 decimes = 1

franc = -186

Greece.—100 lepta = 1 drachme ; 1 drachme (sil-

ver) = -166

Holland.—100 cents = 1 florin or guilder; 1 florin

(silver) = -40
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IIameuro.—12 pfenning = 1 schilling ; 16 schil. = 1

marc; 3 ui ai-cs = 1 rix-doilar = "S^
Mexico.—8 rials = 1 dollar = 1,0C

Portugal.—400 rees = 1 cruzado ; 1000 rees = 1

milree or crown = 1.12

Prussia.—12 pfennings = 1 grosch (silver) ; 80 gros-
cben = 1 thaler or dollar = -69

Russia.—100 copecks = 1 ruble (silver) = -78

Sweden.—48 skillings = 1 rix-dollar specie = 1.06

Spain.—34 maravedis = 1 real of old plate* = -10

8 reals = 1 piastre ; 4 piastres = 1 pistole of ex-

change ; 20 reals vellon := 1 Spanish dollar = ... l.OC

Turkey.—8 aspers = 1 para ; 40 paras = 1 piastre

(variable) about '096

Venice.—100 centesimi = 1 lira = '186

VALUE OF FOREIGN COINS.

Guinea. ^.10
Sovereign of Great Britain. 4.8fll

Crown of England I.iil6

Half Cro-wn of >:ngland 608
ShUlins of Euglaud 24*

Franc of France 18j
Five Franc Piece of France .98

liivre Touriioia of France ... .ISJ

Forty Franc Piece of France 7.66

Grown o£ France 1 06

Louis-d'Or of France i.-W

Florin of the Netherlands... .40

Guilder of the K«thcriaud8. .4''

Floriu of South Germany ... .40

Thaler of Ris-Dollar of Prus-
sia aud North Germany... .69

Rix-DoUar of Bremen 78|
Florin of Prussia 2'2J

Maic-Banco of Hamburg ... .85

Florinof Austria 48^
Florin of Saxony, Bohemia
and Trieste 48

Florin of Nnremburg and
Frankfort 40

Rix-Doliar of Denmark l.CiO

Specie-Dollar of Denmark., l.t'5

Dollar of Sweden & Norway l.OG

MLhee of Portugal 1.12

Milree of Madeira
Milree of Azores
Real-Vellon of 8p:^ln
Real-Plu.te of Spain
Pistole of Spain
Rial of Spam
Pistareen
Cross Pistareen
Ruble (silver) of Russia ...

Imperial of Russia
Doubloon of Maxjco
Half-Joe of Portugal
Lira of Tuscany and Lom-
bardv

Lii-u of Sardinia
Ounce of SicUy
Ducat of Naples
Crown of Tuscany
Florence Livre
Genoa LiTTo
Geneva Livre
Leghorn Dollar
Swiss Lirre
Scudo of Malta
Turkish Piastre
Pagoda of India
Rupee of India
Taelof China

Sl.OO

.8Si

.(6

.10

3.97

.12

.18M

.75

7.83

15.60

8.53

.16

.186

2.40

.80

1.05

.15

.18j

.21

.90

.27

.40

.05

1.84

.441

1.48

Ex. (1). A broker in Toronto sold a bill of exchange

on London, the face of which was for £750. 8«. ; what

did he receive for the bill, exchange being quoted at

llOi?

The old plate reil is not a coin, but is tiie denomiiiatioii in wblcb
exchanges are usually made.
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Since ,£1 = |4|xl.l0,^, i.e., 64| iucreased by 10^ per aoxL

.'. £750. 4= $750.4X44X1.10^.

= §3676.96.

.-. he got = $3676.96 for the biU.

Ex. (2). What is the value in Enghsh money of

4528-7 francs, when the course of exchange between
Paris and London is at 25-3 francs per pound sterhng ?

•^inoe 25*3 francs = £1,

1 franc = £^a, '

.: 4528-7 francs = £~~, or ^179.

Ex. (3). A merchant pays a debt of 4379 milrees in

Portugal with £971. lis. 9|fi. ; what is the course of

exchange in pence per mikee ?

£971. lis. 9fd. = 932727 farthings

Then since 4379 milrees= 982727 farthings,

8 3 3 7 2 7
1 milree = ^3^, farthings, or 21 j lar-

.Lings

;

.". the course of exchange- is 53^ pence per mih.-ee.

Ex. (4). If 11-65 Dutch florins are given for 24-42

francs, 352 florins for 407 marks of Hamburg, and 58;^*

mai-ks for 82 silver rubles of St. Petersburg ; how many
francs should be given for 932 silver rubles ?

Here 1 silver ruble =A8^-2A marks.
32

1 mark = A^JL florins,

1 florin = f
^'"^

francs

;

lies

.-. 1 silver ruble = ^f|A X|^^ X }}}l francs, or 3-3

rancs

;

.-. 932 silver rubles—932x3-3 .'rancs, or 3075-6 francs.

Ex. (5). A New York merchant remits 27940 florins

to Amsterdam by way of London and Paris, at a time
when the exchange of New York on London is $4-885
for £1, of London on Paris is 25-4 francs for £1, and of
Paris on Amsterdam is 212 f.aucs for 100 florins

; J^per
cent, brokerage being paid in London and in Paris, iiow
many dollars will pm-chase the bill of exchange ?
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Since 100 tloniis= 212 francs,

.•. 1 florin = f^-i-g- francs.

But to buy a bill of 100 fr. requires a bill of 100^ fr.

.•. to buy a bill of 1 fr. requires a bill of -m fr.

Again 25.40 fr. = ^1
;

but to buy a bill of ^100 requires iilOO^
;

Again £1 = #4.885
;

•. 1 florin = nU X -181 X^o X Uh X 4-885.

„ 27 94 0X2 }Ji X 801 x_ 8 1 X 4-8 8 5— * 100X800X2 5.4 0X80
= 111420.317, sum required.

27940florins_ «. loox 8oo x .,5.4o x 8oo

Ex. (6). A merchant of Toronto wishes to transmit

2400 marcs banco to Hamburg. He finds exchange
between Toronto and Hamburg to be 35 cents for 1

marc. The exchange between Toronto and Loudon is

.|4.83 for £1 ; that between London and Paris is 26

francs for £1 ; and that of Paris on Hamburg is 47

rancs for 25 marcs. By what way should the Toronto

merchant remit ?

By direct exchange 1 marc = $0"35

;

•. 2400 marcs = «2400 X 0.35

By circuitous exchange 25 marcs = 47 francs

;

.•. 1 marc = 4f francs,

but 26 francs ^=^ £1;
.'. 1 fi-anc =^ £^}-a-

And £1 = $4.83.

.-.1 marc =- $4.8oX-r-6X|i ;

o.nn (J;2400X4.8 3 ^47
.' 2400 marcs = <IP

——jy^TTs

= $838.] 9.

By direct exchange the merchant jiays $840 for his bill of

exchange, and only $838.19 by the circuitous mode

,•. the circuitous mode is better by $1.81,
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Examples- (cxv)

(1) Wlien 87300 are paid in Toronto for a bill of exchange
on Liverpool for £1500 ; how was sterling exchange quoted ?

(2) What will the cost of a bill on Paris for 236874 francs,

exchange being 5.3 francs to the dollar ?

(3) If £1 be worth 12 florins, and also be worth 25 francs

56 centimes, how many francs and centimes is one florin

worth ?

(4) If £1 be worth 25^ francs, and be also worth 2244
copecks in Russian money, what is the value of the napoleon
in Russian copecks ? (N.B.—20 francs = 1 napoleon.)

(5) The French franc is divided into 100 centimes and the
Frankfort florin into 60 kreutzers. When the pound ster-

ling is worth 25.50 francs in Paris, and 11 fl. 54 kr. at

Frankfort, wh at is the worth of the napoleon in florins and
kreutzers ?

(6) In ib69 exchange on Paris was quoted in New York
at 5.12f j'rancs to the dollar and gold was at 135^. If a
New York merehant owed 12669 franca in Havre, how much
would he have to pay in greenbacks for a bill of exchange to

cover his indebtedness ?

(7) A merchant in Toronto wishes to remit $2767.80 to

Manchester, England, exchange being at 108 ; what will be
the face of his bill in pounds, shillings and pence ?

(8) Find the par of exchange between the U. S. gold eagle,

/eighing 258 grains ^^ fine, and the sovereign of which 1869
weigh 40 lbs. of gold \^ fine ?

(9) Find the arbitrated rate of exchange between London
and Paris when the course of exchange between London and
Amsterdam is 12.16:^ florins for £1, and between Amsterdam
and Paris 209^ francs for 100 florins.

(10) If a merchant buys a bill in London, drawn in Paris,

at the rate of 25.5 francs per pound sterling, and if tkit bill

is sold in Amsterdam, at the rate of 30 francs for 14 florins,

and the money received be invested in a bill on Hamburg,
at the rate of 18 florins for 20 marcs banco, what if the rate

of exchange between London and Hamburg, or what is a
pound sterling in London worth in Hamburg?

(11) If the exchange of London on Hamburg is 14 marcs
banco per pound sterling ; tbat of Hamburg on Amsterdam
is 20 marcs banco for 18 florins ; that of Amsterdam on
Paris is 28 florins for 60 francs ; and that of Paris on Tor-
onto is 4 francs for 72 cents, what is the rate of exchange
between London and Toronto, or how many dollars are
equal to £1 sterling ?
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(12) The exchange at Paris upon London is at the rate ol

25 francs 70 centimes for £'1 sterling, and the exchange at

Vienna upon Paris is at the rate of 40^ Austrian florins for

20 francs : find bow many Austrian florins should be paid al

Vienna for a £50 note.

(13) What is the arbitrated rate of exchange between
Loudon and Lisbon, when bilte on Paris, bought in London
at 25.65 Irancs per £., are sold in Lisbon at 525 rees per 3

francs?

(14) Given that 1 ounce Troy equals 31.1 grammes; thai

10 grammes of French standard gold are worth 31 francs;

and that the worth of a given weight of English standard
gold is to that of the same weiglit of French standard gold
as 3151 to 3100, find what number of Troy ounces of EngUsh
standard gold the fi-anc is equal to, and what is the fixed

number of francs equivalent to .£1 ?—the English mint price

of standard gold being lis. 10|-<i. per ounce.

Examination Papers.

I.

(1) If three fluids, whose voltxnes are as 3, 7, and 12, and
their specific gravities .95, 1.15, and 1.86, be mixed together

;

what will be the specific gravity of the compound ?

(2) If f of A's money equals f of B's, and f of B's equals

f of C's, and the interest of all their money at 8 per cent,

for 4 years 6 months is S6291, how much money has each?

(3) A Toronto merchant wishes to pay a debt of £1200 in

London. How many dollars must he pay to procure^

remittances through France and Hamburg if we allow that

21 francs =» S4, 19 marcs banco p.t Hamburg =»= 35 francs at

Paris, and £7 at London = 96 marcs banco at Hamburg.

(4) A merchant in Cincinnati wishes to remit §14331.60

to New York. Exchange on -New York is f per cent,

premium, but in St. Louis ^ per cent, premium, from St.

Louis to New Orleans + per cent, discoxmt, and from New
Orleans to New York 1 per cent, discount. "What will be

value in New York by each method, and how mu'^h better i£

the circular?

(5) A merchant in Toronto purchased a draft on New
York for §2660, drawn at 60 days, paying §2570.89. "What

was the course of exchange ?

II.

(1) A merchant tmxes 11 lbs. of tea with 6 lbs. of an Ib-
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ferior quality, and gains 16 % by Belling the mixture at 87
cents per pound. Allowing that a pound of the one cost 12
cents more than a pound of the other, what was the cost of

each kind per pound ?

(2) A and B are in partnership in a concern in which A
has #20000 engaged, and B S30000. The gross receipts for

a year are $12800 ; of this one-eighth part is expended in

salaries of clerks, and $120 in insurance. By an arrange-
ment between the partners, A is to receive 8 % upon hia

capital, and B 4: % upon his, and then the remainder of the
profits is to be divided in proportion to the capital employed.
Find the net receipts of A and B.

(3) Bills on Amsterdam, bought in London at 12 florins

15 cents per £1 sterling, are sold in Paris at 57^ florins for

120 francs ; what is the com'se of exchange between London
.'.nd Paris ?

(4) On the 1st Jan., A brought into a business $1400, and
on 1st April §2000 more; on the 1st June he took out
$1600, and 3 months after this he brought in $2400. B
brought into the business $2000 ; 4 months after this he
took out $600, and on the 1st Nov. brought in $2600. Their
clear profit for the year is $4032. How much ought each to

receive ?

(5) A cask contains 12 gals, of wine and 18 gals, of water
;

another cask contains 9 gals, of wine and 8 gals, of water

;

how many gallons must be drawn from each cask so as to
produce by their mixture 7 gals, of wine and 7 gt^s. of
water ?

III.

(1) A merchant has sugar at 8, 10, 12, and 20 cents a
pound ; with these he wishes to fill a cask that holds 200
lbs. ; how much of each kind must he take, so that thj
mixture may be worth 15 cents a pound ?

(2) A 15 days' draft on Montreal yielded $1190.234 when
sold at 1^ % discount, and interest otf at 6 per cent. What
was the face of the draft ?

(3) If A gain $120 in 6 months, B $150 in 5 months, and
C $210 in 9 months ; what was the whole stock, C's part of
it being $400.

(4) From a cask of wine one-fourth is drawn ofi", and the
cask is filled up with water, one-fourth of the mixture is then
drawn ofi", and the cask again filled up with water, after this
has been done four times altogether, what fraction of the
original quantity of wine will be left in the cask ?
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(6) A person in London owes another in St. Petersburg
920 roubles, which must be remitted through Paris. He
pays the requisite sum to his broker, at a time when the
exchange between London and Paris is 25.15 francs for ;£1,

and between Paris and St. Petersburg 1.2 francs for 1 rouble.

The remittance is delayed until the rates are 25.35 francs for

£1 and 1.15 francs for 1 rouble. What does the broker gain
or lose by the delay?

IV.

(1) If, when the course of Exchange between England
and Spain is S8hd. per dollar of 20 reals, a merchant in

Liverpool draws a bill of ^354. 16s. 3d. on Madrid, how
many dollars and reals will pay the draft ?

(2) I wish to pay a bill in Naples of 7500 lire ; the direct

exchange is §0.22= 1 lira ; the exchange on London is

$4.95; of London on Paris is ^1= 26 francs; of Paris on
Naples is 1^ francs= l lira. "What is the difference between
the direct and circuitous exchange ?

(3) A merchant in New York gave $1000 for a biU (m
London of £200. What was the rate of exchange ?

(4) A merchant in New York wishes to pay ^3000 in

Loudon. Exchange on London is at par ; on Paris, 6
francs 25 centimes per $1; and on Amsterdam, 40 cents to

a guilder. The exchange between France and England at

the same time is 25 francs to £1, and that of Amsterdam on
England 12J guilders to ^1. Which is the most advantage-

ous, the direct exchange, or through Pai'is, or thi'ough Ams-
terdam ?

(5) How many pounds of sugar at 8, 13, and 14 cents per
pound, maybe mixed with 3 pounds at 9:^ cents, 2 pounds
at 8-^ cents, and 4 pounds at 14 cents a pound, so as to gain

16 per cent, by selling the mixture at 14| cents per pound ?

(1) Three districts are to provide according to their popu-

lation a contingent of 182 men. The population of the dis-

tricts is 2456, 735, and 4361 respectively ; find as exactly as

possible the number of men to be provided by each district.

(2) A person mixes 4 gallons of gin at 15s. per gallon,

with 4 gallons of water and a gallon of base spirit worth 10s.;

what is his gain per cent, on his outlay by selling the mix-

ture at 2f«. per bottle of 6 to the gallon ?

(3) The stocks of 3 partners. A, B, and C, are $3500,

$2200, and $2500. respectively ; their gains are $1120,

:
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and $1200 respectivlly. If B'a stock is in trade 2 months
longer than A's, what time was each stock in trade ?

(4) A merchant every year gains 50 °/o on his capital, of

which he spends £1200 per annum in house and other ex-

penses. At the end of 4 years he finds himself in possession

4 times as large as what he had at commencing businesB ;

what was his original capital ?

(5) There are two mixtures of wine and water, the quan-

tities of wine in which are respectively '84 and '46 of the

whole. If a gallon of the first is mixed with two gallons of

the second, what decimal part will the wine be in the com-
pound, and how much per cent, will the first mixture be

strengthened ?

XXXI. Ratio and Proportion.

211. If A and B be quantities of the same kind, the

relative greatness of A with respect to B is called the

Ratio of A to B.

212- The ratio of one quantity to another quantity is

represented in Aritlimetic by the fraction, which ex-

presses the measures of the fi]-st when the second is

taken as the unit of measurement.

Thus if 5 shillings be the unit, the measure of 8 shillings

is f , and the ratio of 3 shillings to 5 shillings is represented

by the fraction f

.

The words " the ratio of 3 shillings to 6 shillings
"

are abbreviated thus

:

3 shillings : 5 shiUings.

213. Ratios may be compared with each other by
comparing the fractions by which they are represented.

Thus 2 pence : 5 pence is represented by ?

and 3 pence : 7 pence is represented by J

Now S — iJ, and ? -= H,
.*. ? is greater than |

and .•. 3 pence : 7 pence is greater than 2 pence : 5 pence.

When we thus compare the ratios existing between
two pairs of quantities, it is not necessary that all /our
quantities should be of the same kind ; it is only neces-
sary that each pair should be of tlio same kind.
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f
For example, we can compare the ratio of 4 shillings

to 7 sliilliugs with the ratio of 7 (lays to 12 days, and
finding that \ is less than j-'j, Ave may say that the ratio

of 4 shilhngs to 7 shillings is less than the ratio of 7
days to 12 days.

214. When the ratio sjrmbol ( : ) is placed between
two numbers we may substitute for it the fraction

symbol.

Thus if we have to compare the ratios 2 : 3 and
6 : 7, we effect it by comparing the fractions | and ^,

215. Ratios are compoxuuled by multiplying together

the fractions by which they are represented, and ex-

pressing the resulting fraction as a ratio.

Thus the ratio compounded of 2 : 3 and 5 : 7 is

10 : 21.

2 and 3 are called the Terms of the ratio 2 : 3.

2 is called the Antecedent and 3 the Consequent of

the ratio.

216. Eatios are either direct or inverse.

A direct ratio is the quotient of the antecedent divi-

dti by the consequent.

An inverse ratio, or reciprocal ratio, is the quotient of

Ibfi eoiisequeni divided by the antecedent.

Examples- (cxvi)

(1

)

Compare the ratios 2 : 5 and 4 : 9.

(2) Compare the ratios 17 : 39 and 19 : 41.

(3) Compare the ratios 4 : 7, 8 : 15 and 13 : 24.

(4) Compound the ratios 5 : 7, 13 : 15, 21 : 91, and 45 : 5:i.

(6) Compound the ratios 3^ : 4, 3J : 7, 1^ : 3^, 2^ : If

(6) If the ratio be 25 and the consequent $1.25, what ia

the antecedent ?

(7) How much does the ratio 36x4x3:12x16x2 exceed

that of 60H-(3x5):20x2-j-8?

(8) What is the ricprocal ratio of ^ : J ; of 2jl
: 7*9 ?

(9) A owns a farm of 180 acres. There are 86 sq. miles

in the township in which it is situated. What is the rela-

tion of the latter to the former ?
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B

(10) The ratio 63 : 52 resTilts from conipoiinding four
ratios together; three of these are 7 : 8, 12 : 15, and i : ^;
express the fourth ratio in its simplest form.

(11) Vv'hat effect has adding the same quantity to both
terms of a ratio.

PROPOUTION.

217. Pkcportion consists in tlie equality oftwo ratios.

The Arithmetical test of Proportion is therefore that

the two fractions re}ire^L'nti)i(j the ratios must be equal.

Thus the ratio 6 : 12 is equal to the ratio 4 : 8, he-

cause the fi'actiou -j^, =the fraction |.

The four numbers 6, 12, 4, 8, written in the order in

which they stand in the ratios, are said to be in propor-

tion, or proportionals, and this relation is thus ex-

pressed

—

6 : 12 =: 4 : 8.

The two terms 6 and 8 are called the Estkemes.

12 and 4 the x.Ieans.

The sign of equaUty is usually expressed thus, :: and
then the ratios read 6 is 12 as 4 is to 8.

218. When fou.r numbers are in proiiortion,

tlie product of the extremes = the product of the means.

For example, if G : 12 :: 4:8
6 X 8 = Ji2 X4

For, since 1^2 = l» by hypothesis,

antl {'FA = A-

fi X 8 4 X I 2
• • 12 X 8 8x12'

Now the dcnoniinators of these fractions are equal,

and therefore the numerators must also be equal, that

is

6 X 8 =- 4 X 12

From this it is evident that if three out of the four

numbers that form a ]>roportion are given, we can fin(i

the fourth,
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Ex. (]). Fincl a fourth proportional to 8, 15, 7.

8 : 15 = 7 : number required,

.*. 3 X number required = 15 x 7,

.*. number required := iAiL? = 35.

Ex. (2). What number has the same ratio to 9 that
3 has to 5 ?

3:5 = number required : 9,

;•. 5 X number required = 3x9,
.*. number required = ^ _. 52^

219. Three numbers are said to be in Continued
Proportion when the ratio of the first -to the second is

equal to the ratio of the second to the thii-d.

Thus 3, 6, 12 are continued proportion,
f^,. 3 6101 ^ — ^ij.

The second number is called a Mean Proportionai,

between the first and the third.

Ex. Find a mean proportional between 6 and 24.

6 : required number = required number : 24 ;

.'. required number X required number = 6 X 24 ;

.*. square of required number =: 144,

.•. required number is 12.

220. When two quantities are connected in such »

way, that when one is increased 2, 3, .... times, the

other is also increased 2, 3, times, they are in

direct proportion.

For example, if 1 lb. of sugar cost 9 cents,

2 lbs. will cost 2x9 cents,

3 lbs. " 3x9 cents;

hence 7 lbs. " 7x9 cents.

And 25 lbs. " 25 x 9 cents,

.'. 7 lbs. : 25 lbs. : : 7x9 cents : 25 x 9 cents.

That is, the cost of sugar is directly proportional to its

weight.

221. VVhen two quantities are connected in such a

way, that when one is increased 2, 3, times, the

other is diminisli^d 2, 8, times, they are inversely
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proportional ; thus, if one man can mow a field in 12

days, 2 men can mow it in liaK the time, or in ^ days ;

3 men in a third of the time, or in ^^ days, &c.

hence four men can mow it in —^ days

;

and 12 " " H days
;

4 men : 12 men : : j^ days :^ days ;

that is, the number of men, requhed to do a certain work is

inversely proportional to the number of days, or vice versa.

Examples- (cxvii)

(1) Arrange 4, 3, 9 and 12 so that they may be in propor-

tion.

(2) Find the secoid term when 18, 2*6 and 1"8 are the

other 3 terms of a proportion.

(3) Find a mean proportional to 'OSS and "00152.

(4) If ^ = 3i of B, and 0=5^ of B, find the ratio of A
to C.

(5) Find a fourth proponional to 5, 7, and 15.

(()) Find a fourth proportional to f, ^, and f

.

(7) Find a fourth proportional to '3, '16, and -09.

(8) Find a mean proportional to 14 and 5G.

(9) Find a mean proportional to ^^ end ff

.

(10) Divide $1587 among A, B, C, D, so that A's share
: to B's share =0:5. B's share : Cs share= 4 : 3, and Cs
hare : D^s share ^3:2.

SIMPLE PROPORTION OR RULE OF THREE.

222. When Three temis of a proportion are given to

find the fourth it is a SmPLE Proportion. In a simple

^.roportion we have two ratios given ; one of these has
both terms, the other is incomplete, having only one
term. Two of the given terms must be of one kind and
the third, and the answer of another kind.

Ex. (1). If 5 horses eat 20 bushels of oats in a given

time, how many bushels will 8 horses eat in the same
time ?

Here the number of bushels consumed is directly

pioportional to the number of horses,

hence 5 : 8 :: 20 bu. : bu. required;

.-. bu. required = «-/° =82.
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Ex (2). If 6 men can do a piece of work in 6 days,

in what time can 9 saen d' Hie same work ?

Here the time is inversely proportioned to the number

of men,

hence 9 : 6 :: 5 days : days required

;

.•. days required = -— == 8^.

Ex. (3). If 3 cwt. 1 qr. of hay cost $2.21, what

should 3t. 5 cwt. cost?

Here the cost is directly proportional to the quantity.

Hence 3 cwt. 1 qr. : 3t. 6 cwt. ;: $2.21 : dollars

required

;

Here we reduce the 1st and 2nd terms to the

common denomination, quai'ters, and the proportion be-

comes

13 : 200 :: $2.21 : doUars required;

.-. Dollars required= i^oi^^j. =$44.20.

From these examples we deduce the following rule :

Write the give7i number that is of the same kind as the

requiredfourth term, for the third term of tJoe proportion.

Then cotisider from tlie nature of the question whether the

answer is to be greater or less than the third term. IJ

greater, 2}l(ice the larger of the two remaining numbers in

the second piaxe ; if less, in the first. Then having re-

duced the first and second terms to the same denomination,

multiply the second and thirds terms togetJier, and divide

the i^oduct by tlie first term. Tlie quotient will be the

answer required.

Note.—After the third term has been written down
the order of the other two may be ascertained by a

question. Thus, in Ex. (1) :
" If 5 horses eat 20 bu.,

will 8 horses eat more or less than 20 bu. ?" More
;

hence 5:8. In Ex. (2) :
" If 6 men do a piece of work

in 5 days, will it take 9 men a longer or shorter pexiod

than 5 days ?" Shorter ; hence 9 : 6.
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Examples, (cxviii)

(1) A person after paying an income tax of Id. in the ^1
has a net income of £1247. 10s. 5d. ; what was his gross

income ?

(2) A watch which is 10 minutes too fast at 12 o'clock

noon on Monday, gains 3m. lOs. a day ; what will be the

time by the watch at a quarter past 10 a.m. on the following

Saturday ?

(3) In running a 3 mile race on a course ^ of a mile round,

A overlaps B at the middle of the 7th round. By what
distance will A win at the same rate of running ?

(4) A watch was 6/j^ min. slow at noon ; it looss 12 min.
in 20.^ hours ; find the true time when its hands are together

for the fourth time after noon.

(5) If 4 men or 6 women or 9 boys can perform a piece of

work in 27^ days, in what time can (ll 5 men and 9 women
perform it ? and (2) 5 men and 8 boys perform it ?

(6) If 14| shares of a property are worth $116.15, what are

5f shares worth ?

(7) A floor can be covered by 32^ yards of carpet 7 quar-

ters wide ; how many yards of Brussels carpet 26 in width
will cover the same room ?

(8) Two clocks, of which one gains 4m. 158. and the other
loses 3m. 15 s. in 24 hours, were both within 2h min of the

true time, tlie former fiist and the latter slow, at noon on
Monday ; they now difler from one another by half an hour

;

find the day of the week and the hour of the day.

(9) If 6336 stones 3.^ ft. long complete a certain quantity
of wall, how many similar stones of 2| ft. long will raise a

like quantity ?

(10) A besieged town, containing 22400 inhabitants, has
provisions to last 3 weeks ; how many must be sent away
that they may be able to hold out 7 weeks *?

COMFOUND PROPORTION.

223. WhereTiw, seven, nine, &c., terms of a propor-
tion are given to find a sixth, eiyhth, tenth, &c., term it

is called Compound Proportion or the Double Rule of
Three.

In Compound Proportion tliere are three or more
ratios given, all being complete but one.
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A Compound Proportion is produced by multiplying

togetljer the corresponding terms of two or more simple

proportions.

Thus, 12 4 : 2

6 : 2

10 : 8 multiplied" together produce

the proportion 540 : 72 : : 240 : 32.

Ex. If 6 men in 8 days, working 10 hours a day,

can reaj) 24 acres of wheat, how many acres could 10

men reap in 15 days of 12 hours each ?

6 : 10 : : 24 : acres required

8 : 15

10 : 12

480 : 1800 : : 24 : areas required.

.-. acres required = iJoo'ili^ = 90.* 4 8

24 the term of the imperfect raito is put in the Sru

place ; the other ratios are then considered separately

and treated as in Simple Proportion. After all the

ratios have been stated, all the first terms are multi-

.

plied together for a new first term and similarly with

the second terms. The answer is then got as in Simple
Proportion.

Note. I.—Before compounding the complete ratios it

is convenient to cancel all the factors common to the

first terms, and to the 2nd or 3rd tei'ms. When any of

the 1st and 2nd terms are not of the same denomina-
tion they must be reduced to a common denomination'

before proceeding with the solution.

Note II.—Before stating the question it is conveni-

ent to write down the terms of the supposition under
one another and opposite these to place the corresj)ond-

ing terms of the demand with an x opposite the term

of the same name as the answer requued.

Thus, in the above example 6 men 10,

8 days 15,

10 hours 12,

24 acres x.
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Examples (cxix)

(1) If 18 men in 12 days build a wall 40 feet long, 3 feet

thick, and 16 feet high, how many men must be employed
to build a wall 120 yards long, 8 feet thick, and 10 feet high,
in 60 days ?

(2) An engineer engages to complete a tunnel 3| miles
long in 2 years 10 months ; for a year and a half he em-
ploys 1200 men, and then finds he has completed only three-

eighths of his work ; how many additional men must he
employ to complete it in the requu-ed time ?

(3) Two sets of men perform the same amount of work.
Each man in the first set is stronger than each one in the
second in the ratio of 7 to 6; the first set works 6 days a
week for 10 weeks, and the second set 5 days a week for 7
weeks. If there are 9 men in the first set, how many are
there in the second ?

(4) If 20 men can excavate 185 cubic yards of earth in 9
hours, how many men could do half the work in a fifth of
the time ?

(5) At the siege of Sebastopol it was found that a certain
length of trench could be dug by the soldiers and navvies in

4 days, but that when only half the navvies were present it

required 7 days to dig the same length of trench. Compare
the amount of work done by the navvies with that done by
the soldiers.

(6) Two elephants which are ten in length, 9 in breadth,
36 in girt, and 7 in height, consume one droiia of grain

;

how much will be the rations of 10 other elephants, which
are a quarter more in length and other dimensions ?

(7) How many revolutions will be made by a wheel which
revolves at the rate of 360 revolutions in 7 minutes, while
another wheel, which revolves at the rate of 470 in 8 min.,
makes 658 revolutions ?

(8) A piece of work is to be done in 36 days ; 15 men
work at it 15 hours a day, but after 24 days only | of it is

done ; if three more men are put on, how many hours a day
must all work to finish it in the given time ?

(9) If 248 men, in 6^ days of 12 hours each, dig a ditch of
7 degrees of hardness, 232A yds. long, 3§ yds. wide, and 2^
yds. deep ; in how many days of 9 hours each, will 24 men
dig a ditch of 4 degrees of hardness, 8875 J^^- ^o^^g* ^k .vds.
wide, and 3^ yds. deep?

(10) If 5 compositors in 16 daj's of 11 hours each, can
compose 25 slieets of 24 pages in a sheet, 44 lines in a page.
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and 40 letters in a line, in bow many days of 10 hours each,

can 9 compositorfl compose a volume (to be printed in the

same kind of type), consisting of 36 sheets, 16 pages to a
sheet, 50 linos to a page, and 45 letters to a line ?

XXXII. The Metric System.

224- The Metric System of Weights and Measures ia

now in use in many conntries of Europe. The follow-

ing is an account of the system as it is established in

France, where it originated at the end of the last

century.

The basis of all measurement is the Metre, a measure

of length equal to the ten-millionth part of the distance

from the North Pole to the Equator.

The length of the Metre in English Measure is 89.37

inches, nearly.

Umts of Metric Measures.

1. Length.—The Metre.

2. Surface.—The Are = 100 square metres.

8. Solidity.—The Stere = 1 cubic metre.

4. Capacity.—The Litre = the cube of the tenth

part' of a metre.

5. Weight.—The Gramjie, which is the weight of a

quantity of distilled water which fills the cube of tbe

hundredth j)art of a metre.

The Tables of Weights and Measures under the Metric

System are constructed upon one uniform principle.

Prefixes derived from Greek and Latin are attached to

each of the units.

Greek Prefixes.

Deca stands for 10 times
j

Hecto stands for 100 times
{^-^^ ^^^^

Kilo stands for 1000 times
j

Myria stands for 10000 times
j

Latin Prefixes.

Deci stands for the 10th part^

Centi stands for the 100th part [ of the unit.

Milii stands for the 1000th part
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Thus,
A decametre = 10 metres.

A hectolitre =100 litres.

A kilogramme =: 1000 grammes.

A myriametre = 10000 metres.

\lso,

A decilitre = '1 litre.

A centimetre = '01 metre.

A milligramme = '001 gramme.

NoTB.—In English measures the following are rough ap-

proximations of some of the French measures :

The Kilogramme is about 2i lb. Avoird.

The LHre is about 1| pints.

The Kilometre is about 5 furlongs.

The Hectare is about 2^ acres.

MEASURES OF LENGTH.
10 decimetres (dcm.) 1 metre (m.).

100 centimetres (cm.) "

1000 millimetres (mm.) '•

1000 metres 1 kilometre.

1 inch = 2.539954 centimetres.

1 foot = 3-047945 decimetres.

1 yard = 0-914383 metres.

1 mile = 1-609315 kilometres.

Note.—A rough rule for converting French metres into

English yards is to add 10 per cent, to them. Thus 40
metres are nearly equal to 44 yards.

MEASURES OF SURFACE.
100 sgnare decimetres (sq. dcm.) = 1 square metre or

centiare (sq. m.)

10000 " centimetres (sq. cm.) = "

1000000 " millimetres ('sq.mm.) = "

100 square metres 1 are.

lOoOO " 1 hectare.

1 square inch = 6-4518669 sq. cm.

1 " foot = 9-2899683 sq. dcm.

1 " yard = 0-83609715 sq. m.
1 « acre = 40467101 hectare.
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MEASURES OF CAPACITY.

1000 cubic decimetres (cb. dcm.)...l cubic metre or stere.

1000000 cubic centimetres (cb. cm.) "

lOOOnnnoOO cubic milltmetres (cb. mm.) «

1 cubic clecimetre 1 litre.

1 " inch = 16-386176 cb. cm.

1 " foot = 2S-315H12 dcm.

1 gallon = 4-54345797 litres.

MEASURES OF WEIGHT.

1 cubic centimetre of distilled water at 4°C. at the sea'a

level in the latitude of Paris is 1 gi'am (grm.)

1000 cubic centimetres of distilled water weij^hed under
the same conditions 1 liilogi-am (kilo.)

1000 gi-ams (grms.) 1 kilogram.

10000 decigi-ams ....
"

100000 centigi-ams ...
"

1000000 milligrams ....

1 grain = 0-06479895 gram.

Itroyoz. = 31-103496 grams.

1 lb. avd. = 0-45359265 kilo.

1 cwt. = 50-80237689 kUos.

Examples- (cxx)

(1) What is the fundamental unit in this system ? Whence
and why was it chosen ?

(2) Name the units of weight and capacity, and show how
larger and smaller meauures are attained.

(3) Give the English equivalents of a kilometre and kilo-

gram.

(4) How many millimetres are contained in 5 metres ?

(5) How many decimetres are equivalent to 106725
millimetres ?

(6) Required the number of milhgrams in 15 cb. cm. of

water measured at 4*^0. ?

(7) How many millimetres and centimetres are repective-

ly contained in 0.437 of a decimetre.

(8) How many square centimetres are there in 15.5

square metres ?
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(9) How many square decimetres are contaiued in

108642 squiire centimetres ?

(10) Define the gi'am and litre. How many grams are

contained in 1.725 kilograms ?

(11) How many millii^rams are there in a decigram ? How
many di-cigrams in a kilogram ?

(12) How many centigrams are contained in 2.567 kilo-

grams ?

(13) Eeqnired the number of milligrams contained in 5

cubic centimetres of water measured at 4®C.

(14) In an English inch are contained 25.3995 millimetres.

How many kilometres are there in a mile ?

(15) A gallon is equal to 4.548 litres. How many cubic

centimetres are contained in one pint ?

(16) Three pipes furnish respectively 30 litres, 45 litres,

and 80 htres an hour. What quantity of water do they sup-

ply together in 24 hours ?

XXXIII. Measurement of Area.

225. The Unit of Measurement, by which we measure
Area or Surface, is derived from the unit of Length.
Thus, if we take an inch as the unit of length, and con-

stnict a square whose side is an inch, this Sqxiare Inch
may be taken as the Unit of Area, and the measure of

any given area will be the number of times it contains

this unit, in accordance with the remarks in Ai-t. 58.

Let ABDC be a rectangle, and let the side AB be
4 inches iu length, and the side AC 3 inches in length,

B

I

c i D
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Then, if the Unit of Length be an inch, the measure of

_AB is 4, and the measure of AC is 8.

Divide AB, AC into four and three equal parts respec-

tively, and di*aw lines through the points of division

parallel to AC, AB respectively. Then the rectangle

ABDC is divided into a number of equal squares, each

of which is a square inch.

If one of these squares be taken as the Unit of Area,

the measure of the area of ABDC will be the number of

these squares.

Now this number is the same as that obtained by
multiplying the measui-e of AB by the measure of AG

:

that is, measure of ABDC = 3x4 = 12
;

.*. area of ABDC is 12 square inches.

Hence to find the area of a rectangle we multiply the

measure of the length by the measure of the breadth,

and the product will be the measure of the area.

Ex. (1). A rectangular garden is 48 feet long and 25
feet broad, what is its area ?

Taking a foot as the uuit of length, and therefore a square
foot as the unit of area,

measure of the area = 48 X 25 = 1200
;

.*. the area is 1200 square feet.

Ex. (2). A rectangular board is 2 ft. 7 in. long and 1

ft. 4 in. broad, what is the area ol its surface ?

Taking 1 inch as the unit of length, and therefore 1 square
inch as the uuit of area,

measure of the area = 31 x 16 := 496

;

.•. the area is 496 square inches.

Or we might take 1 foot as the unit of length, and then

measure of area=2^ x li=
f .V^l = V = ^4 '

.-. the ai'ea is 3| square feet. "; ',
'

Ex. (3). The length of the side of a square croquet-

ground is 49 yards, what is its area ?

Taking 1 yard as a uuit of length,

area = (49 X 49) sq. yds. = 2401 sq. yds.
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Note.—Observe the difference between the expres-

sions 49 yanh square and iO square yards. The former

refers to a square whose side is 49 yards, and whose
area is 2401 square yards, the latter to a surface whose
area is 49 square yards.

Ex. (4). A rectangular bowhng-green is 5G yards long

and 42 yards broad. Find the distance from comer to

corner.

By Euclid I. 47, we know that in a right-angled tri-

angle the square on the side opposite the right angle is

equal to the siim of the squares on the sides containing

the right angle.

Hence the square of the measure of the side opposite

the right angle is equal to the sum of the squares of the

measures of the sides containing the right angle.

Thus in our present example,

square of measure of distance from corner to corner

= (66 X 56) + (42 X 42) = 4900
;

.•. distance is 70 yards.

Examples, (cxxl)

Find the area of the rectangles having the following
dimensions :

(1) 7 ft. by 5 ft. (2) 13i ft. by 10 ft.

(3) 22i ft. by 13^ ft. (4) 5 ft. 4 in. by 2 ft. 3 in.

(5) 17 ft. 5 in. by 8 yd. 2 ft. (6) 5 yd. 1 ft. by 4 yd. 2 ft.

(7) 12 yd. 2 ft. by 5 yd. 1 ft.

(8) 6 yd. 2 ft. 3 in. by 2 yd. 1 ft. 6 in.

(9) 7 yd. 2 ft. by 5 yd. 2 ft. 6 in.

Find the area of the squares whose sides have the
following lengths :

(10) 5i yd. (11) 37* yd. (12) 17^ ft.

(13) 29nt. (14) 9 ft. 7 in. (15) 3 ft. 4 in.

(16) 7 yd. 1 ft. 5 in. (17) 15 yd. 2 ft. 3 in.

Find the breadth of the following rectangles, having
given the area and length :

(18) Area 176 sq. ft., length 11 ft.

(19) Area 71 sq. ft. 100 8q. in., length 9 ft. 8 in.
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(20) Area 854 sq. ft. 84 sq, in., length 97 it. 8 m.
(21) Area 1 acre, leno^th 440 yd.

(22) Area 5 acres, length 275 yd.

(23) Area 5 ac. 1 ro. 3G po., length 2G7 yd. 2 ft.

What are the sides of the squares whose areas are

(24) 81 sq. ft. (25) 256 sq. ft.

(26) 1178 sq. yd. 7 sq. ft. (27) 33 ac. 4305 sq. yd. ?

(28) A rectangular field is 225 yards in length and 120
yards in breadth ; what will be the length of a straight path
from corner to corner ?

(29) A rectangular field is 300 yards long and 200 yards
broad ; find the distance from corner to corner.

(30) A rectangular plantation, whose width is 88 yards,

contains 2^ acres ; find the distance fi-om corner to corner.

(31) "What is the length of the diagonal of a square, whose
side is 6 inches ?

(32) The area of a square is 390625 square feet ; what ia

the length of the diagonal ?

CARPETING ROOMS.
"

226. If "we know the area of the floor of a room, we
know how many square mches of carpet will be required

to cover it. Carpets are sold in strips, and when the

width of a strip is known, we shall know how much
length of cai'pet will be required to cover a given sur-

face.

For instance, if the surface be 162 square feet, and the

carpet selected be 27 inches wide, we reason thus :

162 sq. ft. = 162 X 144 sq. inches

;

.'. length of carpet required = — ^^^^** in. = 864 in.

= 24 yards.

Then we find the cost of 24 yards at $1.20 per yard to be

$28.80.

Examples, (cxrii)

How many yards of cai-pet, 27 inches wide, will

be requh-ed for rooms whose dimensions are

;

(1) 15 ft. by 13 ft. (2) 25 ft. by 12 ft. 6 in.

(3j 22 ft. 4 in. by 20 ft. 3 in. (4) 27 ft. by 14i ft.

(6) 86 ft. 4 in. by 27 feet 3 in.
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Find the expense of carpeting rooms wnose dimen-
sions are :

(6) 18 ft. by 14 ft. with carpet 30 inches wide, at $1 a yd.

(7) 22 ft. by 15^ ft,, with carpet 27 inches wide, at S1.80
a yard. •

(8) 29 ft. 9 in. by 23 ft. C in., with carpet a yard wide, at

Si; 08 a yard.

(9) 34 ft. 8 in. by 13 ft. 3 in., wiih carpet f yard wide, at

3s.-. 4hd. a yard.

PAPERING THE WJLLS OF A ROOM.

227. To find the quantity of paper required to cover

me wall of a room, we find the area' of the surface of the

wall by takinj,' the product of the measures of the length

and brcadih of that wall, the latter being the same as

the height of the room. Heuce we shall fi;id the area

of lhe/o;fr walls of the room if u-e take the measure (if

the compass of the room and midtiplij it by the measure of
the lull11a.

By the compass of a room we mean the length of a
string stretched tight ou the floor, going all round the
room.

Deductions for doors and wmdows and fireplace must
be made in practice.

Suppose then we liave to find how mucli paper is re-

quired for the walls of a room, whose length is 22 ft. 3
in., breadth 17 ft. 4 in. and height 9 ft. 6 in.

"We first find the compass of the roota thus :

ft. in.

22 .

17 . 4

22 . 3

17 . 4

dimensions of the four sides.

79 . 2 compass of the room.

To get the area of paper required, we multiply the
measure of the compass of the room by the measure of

the height, thus :

area =(9.^ X l^h) n- ft. = ^li*— eq. ft. = 752,^., sq. ft.
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Note.—Papers, like carpets, are sold in strips, and if

we know the width of a strip we shall know how many
feet in length will be required to cover a given surface.

Thus, in the room under consideration, if the paper be 20
inches wide,

length of paper required =(752^^-^-^) ft.= ^^ ft. =451^ ft.

Examples, (cxxiii)

How many square feet of paper will be required for

rooms whose dimensions are :

y^ (1) Length, 19 ft. ; breadth, 16 ft. ; height, 9 ft. ?

(2) Length, 24^ ft. ; breadth, ISJ ft. ; height, 10 ft. ?

(3) Length, 25 ft. 7 in. ; breadth, 19 ft. 4 in. ; height,

9 ft. 9 in. ?

<4) Length, 23 ft. 6 in.; breadth, 18 ft. 7 in. ; height,

9 ft. 6 in. ?

Find the expense of papering rooms whose dimen-
sions are :

(5) Length, 18 ft. ; breadth, 14 ft. ; height, 8 ft. ; with
paper 16 inches wide, at 20 cents a yard.

(6) Length, 20 ft. 6 in. ; breadth, 17 ft. 4 in.; height, 9ft.;

with paper 20 inches wide, at 10 cents a yard.

(7) Length, 30 ft. 8 in. ; breadth, 26 ft. 5 in.; height, 10ft.

6 in.; with paper 2 ft. wide, a,t 8d. a yard.

(8) Length, 26 ft. ; breadth, 21 ft. ; height, 10 ft. ; with
paper 20 inches wide at 9d a yard, allowing for a fireplace

which is 5 ft. 3 in. by 4 ft., a door wliich is 7 ft. by 4^ ft.,

and two windows each 6 ft. by 8^ ft.

Miscellaneous Examples- (cxxiv)

(1) Find the cost of varnishing the floor of a room 14 ft.

4 in. broad, and 15 ft. 6 in. long, at 20 cents per square yard.

(2) What will it cost to pave an area 146 ft. 9 in. long and
88 ft. 9 in. broad, at 36 cents per square yard ?

(3) The area of a square garden is 4 roods 1 pole 29 sq.

yd. 6J sq. ft.; find the length of its side.

(4) Find the length of the side of a square whose area is

I ro. 26 po. 28 sq. yd. 4^ sq. ft.

(5) Find the expense of turfing a plot of ground, -which is

40 yd. long and 100 ft. wide, with tiu-fs each a yard in

length and 1 ft. in breadth ; the turfs, when laid, costing

8=j. 9d. per hundred.
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(6) A square room, whose floormeasuree 32 sq. yd. Isq. ft.,

IS 11 ft. 6 in. in beisrht : find the expense of whitewashing

its ceiling and walls at 5 cents per square yard.

(7) It costs §99 to cover the floor of a room 8J yd. long

by 6f yd. wide, with carpet 2 ft. wide. Find the price of

the carpet per yard.

• (8) If the cost of papering a room 8^ yd. long and 6f yd.

wide, with paper 2 ft. wide at 4d. per yard, be £2. 19s. 8d..

find the height of the room.

(9) A rectangular field, whose length is 997 yd. 1 ft., con-

tains 12 acres, 4087 sq. yd. 1 sq. ft. Find the breadth of

the field.

(10) How many acres are there in a square field each side

of which is 330 yd. ?

(11) The length of a room is 21 ft., and its height 10 ft.

6 in., and the area of the floor is -j^ of the area of the four

walls. Find the breadth of the room.

(12) "What length must be cut off a b,:ard, which is 6^

inches broad, that the area may contain a square foot ?

(13) What is the expanse of papering a room 4 yd. 6f in.

long, 3 yd. 11 ^ in. wide, and 3 yd. 1 ft. high, with paper
haK a yard wide, at 12 cents a yard ?

(14) How many stones, each 2 feel long and 15^ inches

wide, would be required to pave a square courtyard, whose
side is 124 feet ?

(1.5) What is the cost of papering a room, 15 ft. long, 12
ft. wide, and 10 ft. high, with paper f yd. wide, at 12j cents

a yard ?

(16) Find the cost of papering a room 21 ft. long, 15 ft.

wide, and 12 ft. high, with papei 2i ft. wide, at 15 cents a
yard, allowing for a door 7 ft. high and 3 ft. wide, 2 win-
dows each 5 ft. high and 3 ft. wide, and a panelling 2 feet

high round the floor.

(17) The length of one side of a rectangular field 'is 572
yards, and the area of the field is 50 acres 2 ro. 32 po. Find
the length of the other side, and of the diagonal.

(18) A rectangular field, 300 yards long and 150 broad, is

Beparated into 4 I'qual parts by 2 bands of trees, 20 feet wide,
parallel to the sides. How large will each part be, and what
will be the area covered I>y the trees ?

(19) A room, whose height is 11 feet, and length twice its

breadth, takes 143 yards of paper 2 feet wide for its four

walls; how many yards of gilt moulding will be required?
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(20) What will be tlffi cost of pniuting the walls and
ceilmo; of a room, wboso lipi,fjbt,|lenj,'t!i, and brearltb are 12 ft.

6 in., 27 ft. 4 in., and 20 ft. respectively; at 36 cents per
square yd ?

(21) Find the expense of carpeting a room 15 ft. 9 in.

long and 13 ft. 4 in. broad, with carpet 27 inches wide, at

95 cents, per yard.

(22) Find the cost of carpeting a room 10 yd. 2 ft. long
and 7 yd. 1 it. broad, with carpet f yd. wide, at ^1.08 a yard.

(23) If the cost of carpeting a room 11 yd. long and 8 yd.
wide, with carpet at 3s. a yard, be .£19. 16s., find the width
of the carpet.

(24) How many flag-stones, each 5*76 ft. long and 4'15 ft.

wide, are requisite for paving a cloister, which incloses a

rectangular court 45-77 yd. long and 41*93 yd. wide, the
cloister being 12*45 ft. wide ?

XXXIV Measurement of Solidity.

228- The Unit of IMeasuremcnt, by which we mea-
em-e the Vokime of a Sohd body or the Capacity of a

vessel, is derived from tlie Unit of Length. Thus, if

we take an inch as the unit of length, and construct a

cube, each of whose edges is an inch in length, this

Cubic Inch may be taken as the Unit of Volume, and
the measure of any given volume will be the number of

times it contains this imit.

£39. Let ABDC be a rectangle, and let the side AB
be 4 inches in length, and the side AC 3 inches in length.

A B
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Then ABCD will contain 12 sqnare inches. (Art. 225.)

Now suppose "we construct a number of blocks of

wood, perfect cubes, whose volume is a cubic inch, and
place one of these on each side of the squares in ABDC;
and then place another of the blocks on the top of each
of the first set ; and so on till we liave piled up 5 layers.

Then we shall have constructed a rectangular sohd,

whose length is 4 inches, breadth 3 inches, and depth
or thickness 5 inches.

Now the number of cubic inches in this solid we
estimate in the following way : for each of the squares

in ABDC we shaU have a pile of 5 cubic inches : there-

fore the niimber of cubic inches in the sohd will be
6x12 or 60.

Hence we obtain the following Eule :

To find the cubic content of a rectangular solid, find

the continued product of the measures of the length,

breadth, and tliickness, and the result is the measure of

the cubic content.

Ex. (1). Find the cubic content of a rectangular
piece of timber whose length is 4.1 ft., breadth 4 ft., and
thickness 3 ft.

Takingr a foot as the unit of length, and therefore a cubic
foot as the unit ot cubic content,

measure of cubic content is = 47 X 4 X 3 = 5C4;
.'. the cubic content is 564 cubic feet.

Ex. (2). "Wliat is the cubic content of a room whose
length is 22 feet 6 in., breadth 18 ft. 3 in., and height
10 feet ?

Cubic content = (22i X 18^ X 10) cubic ft.,

= ^^T^ «^^- f*- = 4106i cub. ft.

Ex. (8). A rectangular sheet of water, of uniform
deptJi, is 430 yards long, 270 yards broad, and contains
7314800 cubic feet of water; wliat is its depth?

Reducing the length and breadth to feet,

Area of surface = (430 X 3 X 270 X 8) sq. ft.
j

. •. depth = '^' *-' ? ^ - ft = 7 ft
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Examples- fcxxv)

Find the cubic content of t' e rectan alar solids whose
dimensions are

(I) 8 ft., 7 ft., 6 ft

.

{•^) lUi ft., 8^ ft., 6^ £1.

(3) 5 ft. 6 in., 4 ft. 3 in. .3 ft. 7 in.

(4) 11 ft. 8 in. , 9 ft. 1 ( in., 7 ft. 5 in.

(5) 6 yd. 2 ft. 4 in., 3 yd. 1 ft. 7 in., 4 ft. 11 in.

(6) How many bricks will be required to build a wall 75
ft. long, 6 ft. high, and 18 inches thick ; each brick being
9 inches long, 4^ inches wide, and 3 inches deep ?

(7) A lake, whose area is 45 acres, is covered with ice 3
inches thick ; find the weight of the ice in tons, if a cubic
foot of ice weigh 920 oz. avoird.

(8) If 500 men excavate a basin 800 yd. long, 500 yd.

wide, and 40 yd. deep in 4 months, how many men will be
required to excavate a basin 1000 yd. long, 400 yd. wide,
and 50 yd. deep in 5 months ?

(9) A square block of stone, 2 ft. in thickness, is in cubic

content 5 cub. ft. 24 in. ; what is the length of its edge ?

(10) What weight of water will a rectangular cistern con-

tain, the length being 4 ft., the breadth 2 ft. 6 in., and the

depth 8 ft. 3 in., when a cubic foot of water weighs 1000 oz. ?

(II) A block of stone is 4 ft. long, 2^ ft. broad, and 1} ft.

thick ; it weighs 27 cwt. Find the weight of 100 cubic

inches of the stone.

(12) A cubic foot of water weighs 1000 oz. Find the

length of the side of a cubic vessel whose contents (water)

weigh 4 tons 12 cwt. 3 qr. 10 lb. 7 o!z. (112 lbs. = 1 cwt.)

(13) If 120 men can make an embaukmpnt f of a mile

long, 30 yards wide, and 7 yards high, in 42 days, how many
men would it take to make an embankment 1000 yards

long, 36 yards wide, and 22 feet high, in 30 days ?

(14) A rectangular cistern, 9 feet long, 5 ft. 4 in. wide, and
2 ft. 3 in. deep, is filled vnth liquid which weighs 2520
pounds. How deep must a rectangular cistern be, which
will hold 3850 pounds of the same liquid, its length being 8

feet, and its width 5 feet 6 inches ?

(15) Find the cost of making a road 110 yards in length,

and 18 ft. wide : the soil being first excavated to the depth

of 1 ft., at a cost of Is. per cubic yard : rubble being then

laid 8 inches deep, at Is. per cubic yard, and gravel placed

on the top, 9 inches thick, at 2«. 6d. per cubic yard.
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EXAMINATION PAPERS.
(1) Find a number such that if it be added twenty-threp

times to 37601 tlie sum will be 40203.

(2) A person bought 500 j'ards of cloth at $3.20 per yard
and retailed it at $3.35 per yard ; what was his profit ?

(3j Find the H. C. F. of 372, 837, 248 ; and arrange the

three fractions I, |^, f-J in order of magnitude.

(4) A sol'her takes 7920 paces in a march of 3f miles

;

find his length of pace.

(5) Divide 9366 farthings into an equal niimber of sover-

eigns, half-soveieigns, Jialf-crowus and farthings.

(6) Divide -14 by 7, 140 by .07 and -014 by 7000; add the

results together, aud turn the decimal into a vulgar fraction.

(7) Simplify the expression 7-57 X 36 — 2-345.

(8) The polar diameter of the earth is 41707796 feet; re-

duce this to miles.

(9) If telegraph posts are placed 66 yards ajiart, and a
train passes one in eveiy 3 seconds ; how many miles an
hour is the train running ?

(10) If a person spends in four mouths as much as he
earns in three, how much can he lay by annually, supposing
that he earns ^420 every six mouths ?

(11) How many steps does a man whose length of pace is

32 inches take in 4^ miles ?

(12) Divide $13230 between 2 men, so that one may re-

ceive a third as much again as the other.

(13) Divide tV2~4V~'5V % ^ + a — fV > ^^^^ express
the result as a decimal.

(14) i'ind the value of

(8i-2i)-^iof I

2|-^(i + i)

and express the result as a decimal.

(15) Smiphfy the exxn'ession 1*3 X (2-4 + 7-5) -I- 2-364

1-697.

(16) Reduce 11 ro. 11 po. 11 yd. to inches, and find what
fraction the result is of 3 acres.

V (17) A is to receive $1.25 a day every day he works,
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and to foi-feit $*80 evely day he is idle. At the end of

75 days his wages amount to ii69.15 ; how many days

was he idle ?

(18) If 24 men can do a piece of work in 12 days of 10

hovirs eacli, how many men can do three times as much in

10 days of 8 hours each ?

(19) If -3 of an estate is worth $7500, what is the value of

•48 of the estate ?

(20) A, B, and C start on a tour, each with $200 in his

pocket, and agi-ee to divide their expenses equally. Wiien
they return, J has So7.50, B $50.82, and C§1G.71. What
DUght A and B to pay G to settle their accounts ?

(21) Find the value of

li--A ,
7 9X5 _llj

li+A"*"6 14X3 15

and reduce to its lowest tenns ||S'f.

(22) Express as vulgar fractions in the lowest terms
24-0025 and -0008125 ; and divide 1-1'214 by 5-34 and 1121-4

by -504.

(23) What fi-action is 7 cwt. 4 lb of 3 tons 1 or. (long ton) ?

How often must one go round a square field of 10 acres to

run 1 mile ?

(24) A gunboat's crew, consisting of a lieutenant, a gun-
ner, and 15 seameu, captured a prize -ivorth j£390. 7s. ; the

lieutenant's share is 10 times and tli;^ ^•ui•ner's sh:ire 3 times

as much as that of each seamaa, ^V'a:l,t is the value of each
person's share ?

(25) Extract the square root >i 167-^^616, and of sWr-

(26) A clock which losfs 4 n-iiautes in 12 hours is 10 min-
utes fast at midnight on Bun«luy. Wl.at o'clock will it indi-

cate at 6 o'clock on WediiescJay eveuiag?

(27) The distance bcitw?en two wickets was marked out

for 22 yards, but the jnrd tieasure was j-'y of an inch too

short ; what was the aoiqal dif;tauce ?

<^ (28) What is tlie difference between simple interest; com-
pound •uterest/and dic;c<v.7ut? Fiad the difference bt^p.r een

the simple interest and tie irue diKCOunt on S19U0 for 1|

years at 8 per cent.

(29) What is the present worth of a bill of $170 dao in
4.

nxow., reckoning money at 6% pei annum ?
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(30) Find the interest on 8380 for 1:^ years at 4| per cent.,

and the discount on $929. r>0 for 2:|3'e.irs, at 'ij per cent.

7(u of

(31) Simplify ^

14/ 9

1/3 1-14

1-01015
(32) Find the \T.ilgar fraction equivalent to "~.'F^

—

C33) "\^niich is the better investment, the 3^ per cents, at

91, or the 4 per cents, at 103 ?

How mncli must a man invest in the former that he may
have a yearly income of S4B51, after paying an income tax
of 2 cents in the dollar?

(34) Two ships get under •weigli at the same time for the
Game port, distant 1200 miles ; tlie faster vessel averages 10
knots an hour, and arrives at the port a day and a half before

the other ; wliat will the latter vessel average an hour ?

(35) Divide §87.50 between two men, so that one may
receive half as much again as the otiier.

(36) A man has S3430 Ktocklu the 3^ per cents, at 83^

;

when the stock rises 2 per cent, lie tnuisiers his capital to

the 4 per cents, at 98 ; liud the alteration in his income.

(37) The weight of tlie water contained in a rectangular
cistern 8 ft. long, 7 ft. Viide, is 9H| cwt. If a cubic foot of

water weigh 10v<0 oz., find the depth of water in tlie cistern.

(38) If ^'3 is the discount off $333 for 2 mos., what was
the rate per cent. ? What should be the discount ofl' $333
for 1 year ?

(39) The height of a tower on a river's bank is 55 feet, (he

len<;th of a line fromtlie top to the opposite bank is 78 feet;

what is the breadth of the river?

(40) How many yards of matting 2-4 feet broad will cover

a floor that is 27-3 feet long and 20-lC feet broad ?

^41) SimpUfy the fraction

1 j- of i;i--f.- on.'. 2^

2 *" U^
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.(42) If g of 1| of an estate be wortli $300, what will be

tlie value "of ^'^ of tlie estate ?
'1 4

43. Of an electric cable -J-^ rests on the bottom of the sea,

-iV hangs in the water, and 234| yards are employed on
land : what is the length of the cable ?

(44) Extract the cube root of 16777216.

(45) At what price must an article, which cost 15.s'., be
Bold so as to gain 10 per cent. ?

(46) The number of disposable seamen at Ports-mouth is

800, at Plymouth 756, and at Slieerness 404. A ship is com-
missioned, whose complement is 490 seamen. How many
must be di'afted from each place so as to taks an equal pro-

portion ?

(47) (a) Find the difference between the simple and com*
pound interest of $416. 66| for 2 years at 8 per cent.

(b) Find the rate of interest, when the discount on fi211.60

due at the end of 1^^ years is f i-'.7.6().

(48) What sum will amount to $3213 in ten years at 8
per cent, simple interest ?

(49) The length of a rectangular field which contains 4 ao.

3 ro. 14 po. 26^ sq. jal. is 2(50 yd. 1 ft. 4 in., what is its

breadth ?

(50) A room is 14 ft. 3 in. high, 20 ft. wide, 24 ft. long,

what will it cost to paper it with paper 2^ ft. wide, whose
price lI:J-cL per yard ; allowing 8 ft. by 5 ft. 3 in. for each of

four doors, 10 ft. by 6 ft. 8 in. for each of two windows, and
6 ft. 6 in. by 5 ft. for a fireplace ?

(51) SimpUfy
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, (55) A watch, wliich is 5 in. 40 s. fast on Monday at noon,
is 2 ni. 51 s. fast at midnight on the toUowing Sunday : what
did it lose in a day ?

(50) -The rent of a farm is $720, and the taxes are i4f
per cent, on the rent : find the amount of rent and taxes

togetlier ?

(57j TJiree persons tlivicle the cost of an entertainment
amongst tlieua in such a manner that tlie first paj's ^ of the
wliole, and the second f of what the first pays, and the tliii'd

pays the remainder, whicii is S2.50 : v/liat is the amount of

tlie bill?

(58) If an income ot Jipl2!)0 pays §18 for income tax, how
much must be paid on an income of ft750 when the tax is

half as mucli again '?

(59) A invests #552 in the 3^ per cents, when they are at

92 ; B invests $079 in the 3 per cents, when thp.y are at 97.

Find the difference of their incomes.

(00) Wliat is the cost of the carpet for a room, the chmen-
sious of which are 21 feet long, 15§ feet wide, a* ^i| cents

per square yard ?

(61) Simplify:

m + n . H \ ., /2A . 2A-\ -281
+ Y^iM-m\4i + 5i lOi; '

\ 2f • 8j\/ 1-4U5

(02) A regiment marching 31^ miles an hour makes 110
steps a minute : what is the length of the step ?

(03) How long would a column of men, extending 3420
feet in length, take to marcli through a street a mile long at
the rate of 58 paces in a minute, each pace being 2.^ feet?

(04) A street being 850 feet long, and the width of the
pavement on each side being 5 feet 3 in. find the cost of pav-
ing it at 37:i cents a square foot ?

(05) Two pipes together fill a cistern in 1 hour: one of
them alone fills it in 1', hour. How long will it take the
ther tofillit?

(00) How many hours a day must 42 boj's work, to do in

15 days what 27 men can do in 28 days of lOhom's long ; the
work of a boy being half that of a many ?

((57) At what rate will the simple interest on $125 amount
to$I3.12i in It years?

(08) What principal will give $010 simple interest in 5^
years at Og per cent. ?
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(60) A log of timber is 18 feet long, 1 foot 4 inches vnAe,
and 15 inclies thick. If a piece containing 2^ solid feet, bo
cut off the end of it, what length will be left ?

"

(70) If 8 guineas bo expended in purchasing Brussels
carpet, | yd. wide, at 3s. Gd. a yd., for a room 20 ft. long
and 16 ft. 9 in. broad ; how much of the floor will remain
uncovered ?
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(82) A man owns ^'^ of a mine, and sells 'ISol of his

share ; what fraction of the mine has he left ?

(83) A and B ^an do a piece of work in 8 days, B and
can do it in 12 days, and A, B, and C can do it in 6 days.

In how many days can A and C do it ?

(84) A clock which gains 7^ minutes in 24 hotirs is 12
minutes fast at midnight on Sunday. What o'clock will it

indicate at 4 o'clock on Wednesday afternoon ?

(85) Gunpowder being composed of 33 parts of nitre, 7

of ch ircoal, and 5 of sulphur ; find how many pounds of

each will be required to make 80 lbs. of powder.

(86) Wliat is the difference between Interest and Dis-

count ? Which of the two is greater ?

Find the difference between the Interest and Discount on
^1639 for 4^ mos. at 6iS per cent.

(87) Find the difference between the true and bank dis-

counts on a note of S10400 due in six months, (days of grace
included) at 8% per annum.

(88) J of A's stock was destroyed by fire, |- of the re-

maiader was injui'ed by water and smoke ; he sold the
uninjured goods at cost price, and the injured goods at a
third of cost price. Herealizsd §1155. What did he lose

by the fire.

(89) Having given that the weight of a cubic foot of water
is 1000 oz., and that the imperial gallon contains 277274
cubic inches, find the weight of a pint of water.

(90) A room is 22 ft. 6 in. long, 20 ft. 3 in. wide, and 10
ft. 9 in. hi^h. Find the cost of carpeting the room at SI. 20
a square yaid, and of papeiiug the wails at 20 cents a square
yard.

(91) Simplify:

•004 -f- -0005

2-423 + 3-»76 + 2-0001911

(92) The quotient in a division question equals six times the
divisor, and the divisor equals six times the remainder ; the
three amount together to 516 ; find the dividend.

(93) Add together -60625 of £1 -f- -142857 of 145. 10 Jd.,

and ?f of TT of £S. os. id., and express the result as the
decimal of 27 shillings.

(94) A clock gains 8^ minutes a day ; how most the
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hands be placed at noou so as to point to true time at 7 h.

30 m. P.M. ?

(95) A person invests $750 at simple interest, and at the

end of 3 years and 8 months he finds that he possesses

$956.25 ; at what rate per cent, per an. was his profit ?

(96) A person's half-yearly income is derived from the

proceeds of $4550 at a certain rate per cent., and $5420 at 1

per cent, more than the former. His whole income is $453.

Determine the rates.

(97) What will be the cost of enclosing a rectangular gar-

den, 90 yd. long and 30 yd. 2 ft. 3 in. broad, with a wall

8 ft. 4 in. high, at the rate of $1.20 per supeificial square
yard f

(98) A person invests ^10000 in 3 per cents, at 75, and
when they rise to 78 he sells out and invests the produce in

bank shares at £208 each, which pay a dividend of £8 per

share. Show that his income is not altered.

(99) What must be the least number of soldiers in a regi-

ment to admit of its being drawn up 2, 3, 4, 5 or 6 deep,

and also of its being formed into a solid square ?

(100) If $40 is a proper discount off $360 for 8 mouths,
what should be the 12 months' interest on $360 ?

(101) Multiply 67875 by 729819, with three lines of multi-

plication, and divide 123466 by 63, using short division.

(102) A French metre = 1*0936 of a yard, and a centi-

metre is the hundred part of a metre. Find a centimetre

in decimals of an inch to 4 places.

(103) A and B can do a piece of work in 4 days, B and C
in 5f days, and A and C in 4| days. In what time can each

do the work separately ?

(104) M starts from C and travels towards D at a rate of

6 miles per hour; two hours afterwards N starts from C,

and going 10 miles per hour reaches D 4 hours before M.
Find the distance from C to D.

(105) Find the simple interest on $2733^ at 4 percent, for

3 years and 9 months ; and determine what sum wUl amount
to $926.10 in 3 years at 5 per cent, compound interest.

(106) Find the difference between the discount on $1622.50

for 14 months at 7 per cent, per ann. and the interest on

$1760 for 15 months at 6 per cent, per ann.

(107) A women buys a certain Bnmber of apples at 8 a
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penny, and the same number at 2 a penny ; she then mixes
them and sells them at 5 for twopence. How much does she

gain or lose per cent.

(108) A person, by disposing of goods for $182, loses 9 per

cent. What ought they to have been sold at to reaUse a
profit of 7 per cent. ?

(109) Find the cost of papering a room 14 ft. 5 in. long,

13 ft. 7 in broad, and 12 ft. 3 in. high, with paper at 14| cents
per square yard. In the room are 4 windows 4 ft. by 3 ft.,

2 doors 6 ft. 6 in. by 2 ft. 5 in., and a fireplace 5 ft. by 4 ft.

(110) The external dimensions of a box without a lid are,

length 4 feet, breadth 3 feet, depth 2 feet, and the thickness

of the sides and bottom is the same, namely 1 inch ; if the

cost of a cubic yard of tlie material is 9s., and the cost o'

making the box = t\ of the cost of the material, what wiU
the box cost ?

(111) Eight beUs begin toUing together at the same in-

stant, and they toll at intervals of 1, 2, 3, 4, 5, 6, 7, 8 seconds
respectively : after what time will they be again tolling at

the same instant ?

(112) Simplify

lf-iofi|
. f3j . 2 5 ^,4) 4

|of^f+ 5i ' 17 lOi 18 "'7
j
-7

(113) A, B, and are partners. A receives two-fifths of

the profits, B and G dividing the remainder equally, ^'s
income is increased by §220 when the rate of profit rises

from 8 to 10 per cent. Find the capital of B and C
(114) A railway train having left a terminus at noon is

overtaken at 6 P.M. by another train, which left the same
terminus at 1 p.m. If the former train had been 10 miles
farther on the road when the latter started, it would not
have been overtaken till 8 p.m. Find tlie rates of the trains.

(115) A person invests £5000 in Turkish 6 per cent, stock
at 80 ; find the rate of interest he gets for his money.
When his stock has risen to 104 he sells out, and buys ^20
railway sliares at £18, which pay dividend at the rate of 4^
per cent. Find the alteration in his income.

(116) If 6 men and 2 boys can reap 13 acres in 2 days,
and 7 men and 6 boys can reap 33 acres in 4 days, how long
will it taka 2 nion and 2 boys to reap 10 acres ?
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(117) The cost price of a book is $4.75, expense of the
sale 6

"I",
profit 24 % ; what is the retail price i

(118) Show that the simple interest on §G25 for 8 months
at 7 % is equal to that on 61093.75 at 8 fo for 4 months.

(119) One clock gains 4 minutes in 12 hours, and another
loses 4 minutes iu 24 hom-s. They are set ri^^ht at noon on
Monday. Determine the time indicated by each clock,
when the one appears to have gained 16^ minutes on the
other.

(120) A rectangular court is 60 yards long and 30 yards
broad. It has paths joining the middle points of the oppo-
site sides, of 6 ft. in breadth, and also paths of the same
breadth runniug all round it. The remainder is covered
with grass. If the cost of the pavement be 12^ cents per
square foot, and of the grass 70 cents per square yard, find
the whole cost of laying out the court.

(121) How many times does the 29th day of the month
occur in 400 consecutive years ?

(122) A creditor, agreeing to receive $281.25 for a debt,

finds that he has been paid at the rate of 62^ cents in the
dollar ; how much was the debt ?

(123) A, B, and C rent a meadow for $43. A puts in 10
horses for 1 month, B 12 oxen for 2 muuths, and C 20 sheep
for 3 moutiis. How should the expense be divided, if the
quantities eaten by a horse, an ox, and a sheep, dming the
same time, be in the ratio of 4, 3, and 1 ?

(124) If the price of 9760 bricks, of which the length,

breadth, and thickness are 20 inches, 10 inches, and 12|
inches respectively, be $213.50, what will be the price of 100
bricks, which are one-fifth smaller in every dimension ?

(125) How many years' purchase should I give for an
estate, so as to get 3^ per cent, interest for my money ?

(128) How often between 11 and 12 are the hands of a
clock an integral number of minute spaces apart ?

(127) A and B walk a race of 25 miles ; A gives B 45
minutes' start ; A walks uniformly a mile in 11 minutes,
and catches B at the 20th milestone : find JS's rate, and by
how much he lost in time and space.

(128) A debt is due at the end of 4^ months
; i is paid

immediately, and i at the end of 3 months ; when ought
the remainder to be paid ?
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(129) A man, by selling out of a 3 per cent, slock at 99

gains 10 per cent, on liis investment. At what price did he

buy, and what was his income, supposing that he reahzed

$15345 ?

(130) A tank is 8 ft. long, 5 ft. 4 in. wide, 4 ft. 6 in. deep.

Find the number of gallons it contains, having given that 1

cub. ft. of water weighs 1000 oz., and that a pint of water

weighs a pound and a quarter.

1

i

(131) Simplify

1 1^ 2\ lis 1\ 2 8

7i of 3t\+ 3t\
"^

1 13 ~ 9 /

"'
1 3

"*" G /
" 3 °^ 8

of 63.

(132) In a dormitory ^ of the boys are in the tipper

school, f of the romaiuder in the middle, aud the rest, 8 in

number, in the lower ; find the number in the dormitory.

(133) The circumference of the fore-wheel of a carriage is

8 feet, and that of the hind-wheel is 10 feet ; in what dis-

tance will the fore-wheel make 100 revolutions more than
tlie hind-wheel?

(134) J and B receive 81.37^ for digging a garden. They
work at it together for ih hours ; B then left, aud A finished

tii'.^ work in 3^ hours. How should the pay be divided ?

(135) What are the two exact times when the hands of a
watch are equally distant from fig. III. ?

(130) In how many years will $320 double itself, at 7i
per cent, simple interest ?

(137) A person invests the present value of £2358 due two
years hence at 4 per cent, in gas-sharos, which pny at the
rate of nine per cent. ; he gives £144 for each share of .£100

;

what is his annual income, ami what rate per cent, does he
uake of his money invested in the gas-shares ?

(138) At billiards A can give B 6 points in a game of 50,

and C 10 points in 60 ; how many points can B give C in a

game of 90 ?

(139) How much money must one invest in 8 per cent.

Consols, when they are at 10 per cent, below par, in order
to have an income of i'2000 a year ?

(140) A level reach in a canal, 14 miles 6 furlongs long,

and 48 feet broad, is kept up by a lock 80 feet long, 12 feet

brofrd, and having a fall of 8 ft. 6 in. ;. how many barges
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might pass through the lock before the water in tlie upper
canal was lowei'ed one inch ?

oi X

(141) Find the value of „r^ X .f-ri of 15.67.
'5 OI ij ^ + 7

(142) A can do a piece of work in 6 days, which x> can
destroy in 4. A lias worked for 10 days, during the last 5 of

which B has been destroying ; how many days must A now
work alone, in order to complete his task ?

(143) Two cisterns of equal dimensions are filled with
water, and the taps for both are opened at the same time.

If the water in one will run out in 5 houi's, and that in the

other in 4 hours, find when one cistern wdl have twice as

much water in it as the other has.

(144) If 3 men, 4 women, 5 boys, or 6 girls, can perforin

a piece of work in 60 days, how long will it take 1 man, 2

women, 3 boj^s, and 4 girls, all working together?

(145) Two trains start at the same time from London and
EtUnburgh, and proceed towards each other at the rates of

30 and 50 miles per hoiir respectively. When they meet, it

is found that one train has run 100 miles farther than the
other. Find the distance between London and Edinburgh.

(146) Two persons buy respectively with the same si;ms

into the 3 and B^ per cents., and get the same amount of
interest. The 3 per cents, are at 75 : at what price are the

3^ per cents. ?

(i47) Divide $1986.50 among A, B, and C, in the propor-

tion of 2*3, 1'15, and •b'lA respectively.

(148) If for a sovereign one can buy 11 gulden 12 kreut-

zers or 25'5 francs, and for one 20-franc piece 9 gulden 20
kreutzers, how much per cent, is gained by buying French
gold with English gold before buying German money ?

(149) Express 69^ miles in metres, 32 metres being taken
to be equivalent to 35 yards.

(150) Find the cost of painting the walls ot a square room
14 ft. high and 18 ft. long, with two doors 8 ft. by 4, and
three windows 10 ft. by 5, the amount saved bj' each window
being ^2 10s. 3d. What additional height would increase

the cost by nine shillings.

21 2h +'3i
(151) Simplify -^ + fxT^gl + i + |of-^.
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(162) Two lines aro 41-06328 inches and -0438 of an inch

long respectively. How many lines as long as the latter can
be cut oflf from the former, and what wiU be the length of

the remaining line ?

(153) A and B start to run a race ; their speeds are as 17

to 18. A runs 2| miles in 16 miu. 48 sec. ; B finishes the

course in 34 minutes : determine the length of the course.

(154) A boat's crew row over a course of a mile and a
quarter against a stream which flows at the rate of 2 miles

an hour, in 10 minutes. The usual rate of the stream is half

a mile an hour. Find the time which the boat would take

in the usual state of the river.

(155) A person pays one tax of lOd, in the £, and another
of 5 per cent, on his income. His remaining income is ^£545.

What was his original income ?

(156) A man invested $14350 in the U. S. 6's at 107^ the
brokerage being ^% ; what will be his clear income after an
income-tax of 5% is deducted?

(157) A soldier has 6 hours' leave ofabsence : bow far may
he ride on a coach which travels 10 miles an hour, so as to

return to the camp in time, walking at the rate of 5 miles an
hour ?

(158) Two trains start at the same time, the one from
London to Norwich, the other from Norwich to London. If

they arrive in Norwich and Loudon respectively 1 hour and
4 hours after they passed each other, show that one travels

twice as fast as the other.

(150) When £170 will purchase 4233 francs, what is the
course of exchange between London and Paris ? And if 503
gold pieces of 20 fi-ancs contain as much pure gold as 400
sovereigns, what is the par of exchange between London and
Paris?

(100) A hollow cubical box, made of material which is 1-3

inches in thickness, has an interior capacity of 50'653 cubic
feet : determine the length of the outside edge of the box.

.161) Simplify fefof ^^)- "^ ^
(162) Gold of the value of £423267 arrives fi-om AustraJia;

«rhat is its weight in lb. avoirdupois, the price being £3. ISJt.

per oz. troy 2
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(163) A can do one-half of a piece of work in 1 hour, B
can do three-fourths of the remainder in oae hour, and C
can finish it m 20 minutes : how long would A, B, and G
together take to do it ?

(164) If I pay $750 now for a deht of $771. 09| not yet
payable, and money be considered worth 7i per cent, per
annum, when will the debt be due ?

(165) Two equal wine-glasses are filled with mixturea of

spirit and water in the ratios of 1 of spuit to 3 of water and
1 of spirit to 4 of water : when the contents are mixed in a
tumbler, find the strength of the mixture.

(166) At what per cent, in advance of cost must a mer-
chant mark his goods so that after throwing off 20 % of the
marked price he may make a profit of 25 per cent.

(167) A man receiving a legacy of S34510 invested one-

half in Diiminiou 6 per cents, at 101, and the other half in

U. S. 5 per cents, at 84i, paying brokerage at ^ % ; what
annual income did he secure from his legacy ?

(168) A piece of work must be finished in 36 days, and 15

men are set to do it, working 9 hours a day ; but after 24

dajs it is found that onlj' three-fifths of the work is done. If

3 additional men be then put on, how many hours a day
will they all have to labour, in order to finish the work in

time ?

(169) Of two stalactites hanging from the flat roof of a

cavern, one is 102 inches longer than the other, and the

shorter one increases in length at the rate of 3'011 inches in

a century. Find the rate of increase of the other, in order

that they may be of the same length at the end of 125 years.

(170) Two men A and B, stai-t from Cambrulge, at 4 and
5 o'clock, A.M. respectively, to walk to London, a distance of

50 miles ;-B passes A at the twentieth milebtoue, and reach-

es London at 5 p.m. When will A arrive there ?

(171) Find the square root of 10747-4689, and the cube
root of 189119224.

(172) A person can read a book containing 220 pages,

each of which contains 28 lines, and each hue on an average

12 words, in 5^ hours ; how long will it take him to read a
book containing 400 pages, each of which contains -^ hnes,

and each line on an average 14 words ?

(173) The whole time occupied by a train 120 yarus long,
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travelling at the rate of 20 miles an hour, in crossing a bridge

is 18 seconds ; find the length of the bridge.

(174) If 20 men, 40 women, and 50 children receive

$4200 among them for seven weeks' work, and 2 men
receive as much as 3 women or 5 children, what sum does a
woman receive per week ?

(175) Two clocks begin to strike 12 together ; one strikes

in 35 seconds, the other in 25 ; what fraction of a minute is

there between their seventh strokes ?

(176) A speculator bought 43 shares in a mine at 35|-, and
kept them till they dropped to 11 1^, when he sold out and
bought with the proceeds 6 per cent, railway stock at 28 pre-

mium ; find his annual income from the latter investment.

(177) Two clocks strike 9 together on Tuesday morning.
On Wednesday morning one wants 10 minutes to 11 when
the other strikes 11. How much must the faster be put
back, that they may strike 9 together on Wednesday even-
ing ?

(173) How much ore must one raise, that on losing J J in

roasting and -,% of the residue in smelting, there may result

506 tons of pure metal ?

(179) If a population is now ten millions, and the births

are 1 in 20 and the deaths 1 in 30 annually, what will the
population bf^come in 5 years ?

(180) There are two rectangular fields equal in area ; the
sides of one are 945 yards and 1344 yards in length, and the
longer side of the second is 1134 yards ; what is the length
of its shorter side, and how many acres are there in each
field?

(Ifil) The masters of a school are '0416 of its whole num-
ber, but after 40 new boys have been added the masters he-

came '0375 of the whole. How many boys and masters
were there before the new boys came ?

(182) Divide 1350 among 4 persons, so that B may have
three times as much as A, C half as much again as A j.ud B
together, and D as much as ^, B, and C together,

(183) By selling a house for §3700 I lost 7^ per cent.;
what must I have sold it for to have gained 12^ per ceut. ?

(184) Find the difference between the interest and dis-

eouut on $1265 for 73 days at Qi' ?

(185) A merchant sells tea to a tradesman at a profit of
60 per cent., hut the tradesman becoming a bankrupt pays
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375^ cts. iu the dollar. How much does the merchant gain
or lose by the sale ?

(J 86) What sura must a man mvest in the 6 per cent.

County bonds at lOl^j iu order to have a clear income of

$1424 40 after paying an income tax of 1|^% on all over $400?

(187) A baker's outlay for flour is 70 per cent, of his gross

receipts, and other trade expenses 20 per cent. The price

of flour falls 50 per cent, and other trade expenses are
thereby reduced 25 per cent. What reduction should he
make in the price of a 15c. loaf, allowing him still to realize

the same amount of pi'ofit ?

(188) What is the average annual profit of a business,

when a partner, entitled to ? of the profits, receives as his

share for 2 years aud 4 months the sum of $7890.50.

(189) If a tradesman adds to the cost price of his goods a
profit of 12^ per cent., what is the cost price of an article

which he sells for $3.82^ ?

(190^ A rectangular piece of ground 72 yaids by 45 yards
is to be laid out in 4 plots of grass, each 27 ft. by 13| ft., and
a pond in the centre 6 yards square, to contain 252 cubic
yards of water; find the expense of gravelling the remainder
at 2| cts. per square yard, and the depth of the pond.

(191) Find the value of

5^- of I of 2^-1^(1 +^)

l-Aof|Kiof,-f

(192) If 12 men or 18 boys can do f of a piece of work in

6| hours, in what time will 11 men and 9 boys do the rest ?

(193) Find the principal sum on which the simple interest

in 2:^- years at 65% per annum is $1068.76.

(194) The compound interest on a certain sum at 4 per

cent, lor 2 years exceeds the simple interest for the same
time at the same rate by $6 ; what is the sum ?

(195) Two ships are built. Twice as many ship-carpen-

ters are employed about the first aa about the second ; the

first is built in 9 mouths, the second iu 8 mouths ; the wages
of each man of the first set are 25 cents per hour, and they

work 12 hours a day ; the wages of each of the second set

are IS cents per hour, and they work 10^ hours a day. The
cost of the first in carpenters' wages was $300 00 ; what was
that of the second ?
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(106) A person leaves $12670 to be dmdetl among Ms five

cliildren and three brothers, so that, after tJie legacy duty

has been paid, each child's share shall be twice as great as

each brother's. The legacy duty on a child's share being

one per cent., and on a brother's three i)er cent., find what
each will receive ?

(197) Two persons, A and B, meet to settle their accounts.

A has 3i years previously lent B #.500 ; and B has a bill of

$360-50 against 4, for which he is to allow nine months' dis-

count ; if the interest in each case is 4 per cent, per annum,
what has B to pay A ?

(198) A gi-ocer buys 4 cwt. 8 qv. 14 lb. of sugar at £1 16s.

8fZ. per cwt. (long cwt.), and sells it at iUl. per lb.; how
much does he gain or lose per cent. ?

(199) If when 25 per cent, is lost in grinding wheat, a

countiy has to import lOOuOOOO quarters, but can maintain

itself on its own produce if only 5 per cent, be lost, find the

quantity of wheat grown in the country. ,

(200) A man rows down a river 18 miles in 4 hours with

the stream, and returns in 12 hours; find the rate at which
be I'ows, and the rate at which the stream flows.

(201) Show^ that

1

1

(202) A and B can do a piece of work in 6 days, B and G
in 8 days, A, B, and C in 4 daj^s. How long would A and
C take to do it ?

(203) If, by selling an article for $38.25, 8 percent, is lost,

•what per cent, is gained or lost by selling it for ^57 ?

(204) A French metre contains 39-371 English inches

:

express to three decimal places an English mile in metres.

(205) A tradesman marks his goods with two prices : the

one for ready money, the other for 6 months' credit, the rate

of interest being 5 per cent, per annum ; if the credit price

of an article be $2.05, what ought its ready-money price to

be?
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(206) Componnrl interest reckoned quarterly at 2% is equal
to what intereb't r<?ckon(.(l yearly ?

(207) A person liavins; S9790 in the Toronto city 6 pot

cent, bonds sells out at 9S-i, and invests the prnceed^ in Bank
of Mootrcal sto' k at 177^, which pays a dividend of 12 per
cent, per annum. Find the cliange in his income, broker-
an^e in each transaction bring ^%.

(208) I buy wheat at 39s. a quarter, and some of a supe-

rior quality at 68. per bushel : in what proportions must I

mix them, so as to gain 25 per cent, by selling the mixture
at 57^. 6':^. per quai'ter ?

(209) The weight of a cubic foot of water being 1000 oz.,

find the weight of a rectangular block of gold, 8 inches in

length, 2 inches in thickness, and 3 in breadth ; the weight
of a mass of gold being 19 "26 times the weight ot an equal
bulk of water.

(210) The content of a cistern is the sum of two cubes
whose edges are 10 inches and 2 inches, and the area of its

base is the difference between two squares whose sides are

Ij and ll feet. Find its depth.

(211) Find the vahxe of -857142857 of £10. 14s. Id. accu-

rately ; and show that the error committed by neglecting all

decimals of an order higher than the fifth is less than -y^
of a penny.

(212) The sum of §327 is borrowed at the beginning of a
year at interest, and after 9 months have passed S4(X) more
is boiTowed at a rate of interest double that which the former
sum bears. At the end of the year the interest on both
loans is §26.35. What is the rate of interest in each case ?

(213) A dealer purchases a liquid at 4s. the gallon, and
dilutes it w'th so much water that, when he sells the com-
pound at 3s. a gallon, he gains 20 per cent, on his outlay.

How much water is there in every gallon of the compound
Bold ?

(214) The discount on $566.50 for 9 months is $16.50:
find the rate of interest.

(216) A merchant lost a cargo at sea which he Jtiad in-

sured ; the broker offered him a sum of money for his loss,

which the merchant refused as being 10 per cent, below the

estimated value of his loss; the broker then offered $379.76
more ihan he offered at first, and tlie whole amount of the
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second offer was 6^ per cent, in excess of the Astimated

Talue. What was that value ?

(216) A man wishing to sell a horse, asked 25 % more
than it cost ; he finally sold it for 15 % less than his asking

price, and grained 85.75. How much did the horse cost and
what was the asking price ?

(217) If 15 masons, working 10 hours a day, can build a

wall 6 ft. high and 100 yd. long, in 6 days, how long will it

take 7 masons, working 9 hours a day, to build a wall 9 ft.

high and 140 yd. long?

(218) A bankrupt's assets are $2700, out of which he pays

75 cents in the dollar on half his debts, and 60 cents on the

other half. Wliat is the amount of his debts?

(219) If a ship containing 150 hhd. of wine pays for toU

at the Suez Canal, the value of 2 hhd., wanting §30 ; and
another, containing 240 hhd., pays at the same rate, the

value of 2 hhd. and §90 besides ; what is the value of wine
per hhd. ?

(220) A picture-gallery consists of three large rooms ; the

first is 20 yd. long, 20 yd. broad, and 6 yd. high ; the other

two are 20 yd. long, 20 yd. broad and 5 yd. high. Sup-
posing the walls to be covered with pictures, except the

doors, which are 8 ft. high and 3 ft. wide, and of which each

room has two, what will be the number of pictures, the

average size being 8 feet by 3 feet ?

3-5 - 1-83 1 3-1 X -101

(221) StapUfy ^.--^^ X ^ ^ -^:j^

(222) Fmd the square roots of 15376-248001 and Wg:^

(223) A general, after losing a battle, found that he had
only two-thirds of his army left fit for action ; one ninth of

the army had been wounded, and the remainder, 2000 men,
killed or missing ; of how many did the army consist before

the battle ?

(224) A •ontractor sends in a tender of $20,000 for a cer-

tain Work ; a second sends in a tender of $19000, but stipu-

lates to be paid $2000 every three months ; find the differ-

ence between tenders, supposing the work in both cases to

be finished in two years, and money to be worth 7^ per cent
simple interest-



282 EXAMINATION PAFKK8.

(225) What sum ot money must be left iu order that, after

a legacy duty of 10 % has been paid, the remainder being
invested in the Dominion 5 per cants, at 91g may give a

yearly income of $450, brokerage at ^ %.

(226) If two boys and one man can do a piece of work in

4 hours, and two men and one boy can do the same in 3
hours, find in what times a man, a boy, and a man and a

' boy together, respectively, could do the same.

(227) Show that the interest on $15840 for 3 months at

8 per cent, is equal to the discount on $3696 for 15 months
at 7j per cent.

(228) A piece of work has to be finished in 36 days, and
15 men are set to do it, working 9 hours a day ; but after 24
days it is found that only three-fifths of the work is done',

if 3 additional men be then put on, how many hours a day
will all have to work so as to finish the task in time ?

(229) The interest on a certain sum at simple interest is

$360, and the discount $340 for the same time and rate.

What is the sum ?

(230) The breadth of a room is twice its height and half

its length, and the contents are 4096 cubic feet. Find the
dimensions of the room.

- (231) If 1 lb. of tea be worth 50 oranges, and 70 oranges
be worth 84 lemons, what is the value of a pound of tea when
a lemon is worth a penny ?

(232) At a certain battle two-thirds of the defeated armj
ran away with their arms, five-sevenths of the remainder
left their arms on the field, and of the rest seven-eights were
missing, the remaining 600 being either killed or wounded.
Find the whole number of the army.

(233) If gold be at a premium of 20 per cent., and a person

buy goods marked 135 dollars, and offer gold to the amount
of 135 dollars, what change ought he to receive in notes, 5

per cent, being abated for ready payment ?

(234) Show that the difference between the interest and
the discount on the same sum for the same time is the

interest of the discoxint.

(235) I bought 20 lbs. of opium by Avoir, wt. at 56 cts. per

oz., and sold by Troy wt. at 60 cts. per oz. Did I gain or

lose and how much ?

(230) By investing a certain sum of money in the 6 per

cents at 91^ a man obtains an income of $B20 ; what would
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he obtain by investing an equal sum in the 5 per cents at 80.

(237) A tradesman makes a deduction of 10 per cent, for

ready money on a bill of $28 due in 12 months, receiving

$25.20. Find the difference between this sum and the pre-

sent worth of the debt, reckoning interest at 10 per cent.

(238) M invests one-third of his property in bank stock,

one-sixth in Consols, and the remainder in railway shares.

When he sells out he makes a profit of 5 per cent., 3 per

cent., and 2 per cent, respectively on the investments, and
realise £6190. Required the amount of his property
originally.

(239) Mr. A sent $3681 to his agent ^ith instructions to

deduct his com. at 2^%, and invest the balance in Sour at

$7.50 per bbl. If the cost of freightage and insurance

amounts to $119, at what must the flour be sold per bbl. so

as to make a profit of 20% ?

(240) How many bricks, 9 inches long, 4^ broad, and 4
thick, will be required for a wall 60 feet long, 20 ft. high,

and 4 ft. thick, allowing 6;^ per cent, of the space for mortar?

(241) What is the value of

•25 of /, of 13"^ of 8 gnineas ?
2 3

(242) A work can be accomplished by A and B in 4 days

;

by A and C in 6 days ; by B and in 8 days. Find in what
time it would be accomplished by all working together.

(243) A man hired a labourer to do a certain amount of

work, on the agreement that for every day he worked he
should have $1.50, but that for every day he absented him-
self he should lose 60 cents. He worked twice as many days
as he absented himself, and received on the whole $72.
Find how long he was doing the work.

(244) A legacy of $146000 is left to three sons in the pro-

portion of i, f, and k respectively : how much will each
receive ?

(245) If $10 ia a proper discount off §210 for 3 months,
what should be a proper discount off the same sum for 1

year ?

(246) The price of gold in this country is ^3. 17a. lO^d.
an ounce ; find the least number of ounces which can be
eoined into an exact number of sovereigns, and the number
of sovereigns so ooiued.
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(247) A merchant in Toronto inBtructed his a^ent in Mon-
treal to sell a consignment of flour at §7.50 per barrel and
invest the jirocf^eds in Montreal bank stock at 174i, which
pays half-yearly dividends of 7 %. If the merchant's first

dividend is ^445.50, and commissions of 1 % and ^ % be
allowed on the transactions, respectively, how many barrels

of flour were sold ?

(248) State the conuection between Troy and Avoirdupois
weights. A ring weighs 1 dwt. 4 gr., and is wortn £1. 2$.

;

if 1050 of such rings be packed in a box weighing dh lb.,

what would it cost to convey them 144 miles at the rate of

6s. per long ton per mile, insurance being demanded at the

rate of ^ per cent. ?

(249) How long will it be before $2500 put out to com-
pound interest at 10 per cent, per annum will obtain

1 1727. 58 J as interest ?

(250) The breadth of a room is two-thirds of its length and
three-halves of its height, and the contents are 6832 cubic

feet. Find the dimensions of the room.

(251) Multiply 32866 by 1^1711, usmg 3 lines of multi-

plication only.

2-8 of 2-27 4-4 -2-83 6-8 of 3
(252) SimpUfy ~. j- -^ .-^ of ——7-
^ ' ^ ^ 1-136 1-6+2-629 2-25

(253) An agent received $21.70 for collecting a debt of

$2480. What rate was his commission ?

(254) A man sells out of the U. S. 6's 5-20 of 85 at 92^ and
realizes §25760. If he invest the proceeds in Eric R. R.
stock at 45, which pays a yearly dividend of *^%, what
alteration in his income has ensued, brokerage on each oi

the two transactions being •^% '?

(255) A farmer bought a horse for a biU of $292, due in 1

month, and sold him for a bill of 1348, due in 4 months.

What did he gain per cent., money being worth 4^% ?

(256) A man and a boy are to work on alternate days at

a piece of work, which would have occupied the boy alone

13 days. If the boy take the first day, the work willbe

finished half a day later than if the man commences. Find

how long they would take to do it working together.

(257) Two men invest §300 and $100 in a machine ; it

works 5 monilis for each of them; determine what one

must pay the other, if they would have made 30 per cent,

on the money by letting the machine.
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(258) A owes B S2725, and offers to pay him at a certain

rate ot clisconnt instantly, instead of at the end of two years,

when tlie debt will be due. B can place out the money,
which he will receive, at 5 per cent, interest, and by that

means gain 825 on the transaction. At what rate is the

discount calculated ?

(259) If 3(3 men, working 8 hours a day for 16 days, can
dig a trench 72 yards long. 18 wide, and 12 deep, in how
many days will 32 men, working 12 hours a day, dig a
trench 64 yards long, 27 wide, and 18 deep ?

(2G0) A man discounts a bill of £180 drawn at 4. months
at GO per cent, per ann., and insists on giving in part pay-
ment 5 dozen of wine, which he charges at 4 guineas a
dozen, and a picture, which he charges at £19. How much
ready money does he paj"- ? If the cost to the man of the
wine and the picture be only one-fourth of the sum he has
charged for them, what is the real interest the man has been
charged ?

(261) One-tenth of a rod is coloured red, one-twentieth
orange, one-thirtieth yellow, one-fortieth green, one-fiftieth

blue, one-sixtieth indigo, and the remainder, which is 302
inches long, violet, what is the length of the rod ?

(202) The discount on a certain sum due 9 months
hence is 820, and the interest on the same sum for the same
time is S20.75. Find the sum and the rate of interest.

(263) Two persons, walking at the rate of 3 and 4 miles
per hour respectively, set off from the same place in opposite
directions to walk around a park, and meet in 10 minutes.
Find the length of the walk round the park.

(264) In a hundred yards race A can give B four and C
five yards start : if B were to race C, giving him one yard in

a hundred, which would win ?

(265) A man biiys an article and sella it again so as to

gain 5 per cent. If he had bought it at 5 per cent, less, and
sold it for SI less, he would have gained 10 per cent. Find
the cost price.

(206) If the difference between the simple and compound
interest on a sum of money for two years at 5 per cent, be
$3,^find the sum.

(207) If 7 per cent, be gained by selling goods for §69.55,
what will be gained or lost by selling them for $01.75.

(268) A draft on Dublin for £360 cost $1,736.10; what
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was the course of exchange, com. charged at the rate of | per
cent. ?

(269) A banker, in discounting a bill due in '6 months at

8 per cent., charges 816 more than the true discount. Find
the amount of the bill.

(270) A grocer mixes i8 pounds of coffee at 30 cents a

pound with 12 pounds of chicory at 5 cents a pound ; at

what j)rice must he sell the mixture to gain 25 per cent. ?

(271) The foUowmg rule has been given to di\ide by
3-14159: " Multiply by 7, divide by 11, then by 2, and add
^th of Tu^rTrtli of the'result." Find the error made in obtain-

ing 1 -r- 3'14159 by this process.

3 + 4
(272) Prove that 7~t~k is greater than f and less than |.

(273) The estate of a bankrupt (value $21000) is to be
divided among four creditors, whose clauns are, ^'s to B's
as 2 to 3, £'s to C's as 4 to 5, C"s to D's as 6 to -7. What
must each receive ?

(274) Which is the more profitable to buy flour at $6.50
on 6 months, or $6.30 cash, money being worth 8 % ?

(275) If $10.50 be a person's income tax at Ij cents on
the dollar, how much in the dollar is it when his income-
tax is $12.25 ?

(276) If 9 tons 7i cwt. of iron be sold for $1260, and the

gain on it be 20 per cent., what was the cost per cwt. ?

(277) I send to my agent in Montreal $3060 to invest in

tea at 75 cents per lb. ; he deducts his commission of 2 per
cent., and invests the balance. At what must I sell per lb.

so as to make a clear profit of 25 per cent, after paying
freightage $30, and insurance at the rate of | per cent. ?

(278) A banker borrows money at 3^ per cent., and pays
the interest at the end of the year ; he lends it out at 5 per

cent., but receives the interest half-yearly, and bj' this means
gains §200 a year ; how much does he boiTOw ?

(279) A dealer sends oi;t 250 lbs. of tea at 80 cents per lb.

and allows 2| per cent, on the price for the expense of car-

riage. Siipposing the whole amount of carriage to come to

$9.30, how much will the customer have to pay?

(280) A plate of gold, 3 inches square and one-eighth of

an inch thick, is extended by hannuering so as to cover a
surface of 7 vards square : find its proper thickness.
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(281) A man having a flock of sheep sold 8 per cent, of

them to yl , 90 to B, 3h per cent, of the remainder to C, and
:^9 to D. He then had 550 left. How many had he at first ?

(282) The product of the 1st and 2nd of three numbers is

176382 ; of the 1st and 3rd is 279152 ; of the 2nd and 3rd is

215496 : what are the numbers?

(283) Find the rate of 2 trains 150 ft. and 180 ft. long
respectively which pass each other going the same way in

15 sees., and going in opposite du'ections in 3 sees.

(284) By seUing tea at 72 cents a pound a grocer clears i
of his outlay. He then raised the price to 90 cents. What
does he clear per cent, by the latter price ?

(285) A grocer buys If cwt. of tea at 60 cents j)er lb. and

2^ cwt. of tea at 50 cents per lb., and mixes them; he sells

2^ cwt. at 55 cents per lb. : at what rate must he sell the

remainder to gain 20 '^er cent, on his outlay ?

(286) In England gunpowder is made of 75 parts nitre,

10 sulphur, and 15 charcoal ; in France, of 77 parts nitre, 9
sulphur, and 14 charcoal: if half a ton of each be mixed,
what weight of nitre, sulphur, and charcoal will there be in

the compound ?

(287) A ship 40 miles from the shore springs a leak, which
admits 3J tons of water in 12 minutes. 61) tons would
suffice to sink her ; but the ships pumps can throw out 12
tons of water in an hour. Find the average rate of saihng
that she inay reach the shoi'e just as she begins to sink.

(288) The receipts of a railway company are apportioned
in the following manner : 48 jjer cent, for the working ex-

penses, 10 per cent, on one-filth of the capital, and the
remainder, ^320^ 0, for division among the holders of tlie

rest of the stock, being a dividend at the rate of 4 per cent.

;

find the capital and the receipts.

(289) If the discount on a sum due at the end of 2^^- years
is 1 7- of the simple interest, at what rate is that calculated ?

(•- 90) If a crew, which can row from At. B in 60 minutes,
can low from B to A in 55 minutes, compare the rates of the
streain and boat.

(291) Simplify

2 ,
1 {b) 6f -f 5.VX 3f-7i

3i + 2i-4-,V
3-
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(292) If 3 men and 5 women do a piece of work in 8 days,
which 2 men and 7 children can do in 12 ; find how long 18
»nen, 14 childi en, and 15 women working together will take
J do it.

(293) A person possessing jEIOOOO, 3 per cent, consols,

sells out when they are at 93f, and invests the proceeds in

4 per cent, stock at 101^ : find the change in his income,
allowing ^ per cent, commission on each transaction.

(294) Five men do '6006 of a piece of w(i:k in 2 "12 honrs:
how long will 6 boys take to finish it, it being known that 3
men and 7 boys have done a smiiliar piece of work in 3
hours ?

(295) A watch set accurately at 12 o'clock indicates 10
minutes to 5 at 5 o'clock ; what is the exact time when the
watch indicates 5 o'clock ?

(296) A does | of a piece of work in 20 days, and then
gets B to help him. They wgrk together for 2 days, when £
leaves and A finishes the work in half a day more. How
long would B have taken to do the whole ?

(297) The wages of 5 men, 3 women, and 1 child amount
to $84, a man receiving twice as much as a woman, and a
woman three times as much as a child. What will be the
wages of 6 men, 2 women, and 5 children ?

(298) If 6 per cent, be gained by selling a horse for

$132.50, how much per cent, is lost by selling him for $115 ?

(299) A person invests §6825 in 6 per cent.- stock at 91

;

he sells out $5000 stock when it has risen to 93j, and the
remainder when it has fallen to 85. How much does he
gain or lose by the transaction ? If he invest the produce
in M. B. S., which pays a dividend of 12 per cent., at 175,

what is the difference of his income ?

(300^ The flooring of a room, 14 ft. 3 in. long by 13 ft. 4

in. broad, is composed of | in. planks, each 8 in. wide and
10 ft. long. How many will be required ; and what wUl be
the weight of the whole, if 1 cubic inch of wood weighs half

an ounce ?

129-4947
(301) Find the square roots of 4957 •5681 and g^.r-g

(302) At what rate will $157.60 amount to $189 in 6
years ?

(303) Two bills for $273.75 and $456.87^ are due on the

2nd and 22nd July respectively. What is their value on-the
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12tli July, interest being reckoned all the rate of 5 per cent,

per annum ?

(3J4) If a cask contain 3 parts wine and 1 part water,

how much of the mixture must be drawn off and water sub-

stituted for the mixture in the cask to become lialf and half?

(305) Three tramps meet together for a meal ; the first

has 5 loaves, the second 3, and the third, who lias his share
of the bread, pays the other two 8 half-pence ; how ought
they to divide the money ?

(306) If the discount on a biU due 8 months hence at 7^
per cent, per annum be §48.75, what is the amounr of the
bUl?

(307) A began business with a certain capital. The first

year he gained 2U%, which he added to his capital; the
second year he 'gained 37^%, which he also added to his
capital; the third year he lost 40%, and now found himself
$200 worse than when he began business. Find the Capital
with which he began.

(308) A man sells two horses for $100 each, and by so
doing gains 25 per cent, on one horse and loses 25 per cent,
on the other. What did the horses cost him ? Does he gain
or lose on the whole ?

(309) The difference between the interest and the discount
on a certain sum of money for 6 months, at 4 per cent., is

§2 : what is the sum ?

(310) A cistern without a top is 27 ft. long, 22 ft. wide,
and 6 ft. 6 in. deep : what will it cost to paint it inside and
out, at 4^ cents a square yard ?

(311) Simplify

(a) 3 - ^ divided by 1 + 1

'-0— *%-T
3 + i

,M 5^ - 3-1 -^ 1A + 2^-

W 4f-3i + 2A
(312) Three-fourths the selling price of goods is 20% less

tlian cost. Find the gain per cent, at wlaich the goods are

sold.

(313) A sum of money amounts in 10 yrs. at 7^% simple
interest to ^787^. In how many years will it amount to

$990.
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(314) I spent 25% more than my income in a certain
year ; for each of tlie next four years I saved 63% of it and
then I had ioiind that I had lived within it and had ^0
besides. What was my income.

(315) A school rate of 5 mills per dollar and a general
purpose rate of 8 mills in the dollar produce a tax of $101.40

;

find the assessed value of the property.

(316) A grocer has 225 lb. of tea, of which he Bells 45
lb. at 72 cents per lb., and only gains 8 per cent, at this

price. He now raises the price so as to gain 10 per cent,

on the whole outlay. What is the price when raised ?

(317) If I owe ^2,000, to be paid in 4 months' time, and
I pay ^500 now, what extension of time ought to be allowed
me for the payment of the remainder, reckoning money to

be worth 8 per cent, per annum simple interest ?

(818) A and B run a mile race : at iirst A runs 11 yards
to B's 10 ; but after A has run half a mile he tires and runs
9 yards in the time in which he at first ran 11, B running
at his original rate. Which wins, and by how much?

(319) A woman buys a certain number of eggs at 21 a
shilling, and the same number at 19 a shilling; she mixes
them together and sells them at 20 a shilling : how much
does she gain or lose per cent, by the transaction ?

(320) A room whose height is 11 feet, and length twice
its breadth, takes 143 yards of paper 2 feet wide for its four

waUs : how many yards of gilt moulding wUl be required ?

(321) Simplify

4| + lii-54i 6 1

-^~r,l
-*

•
. -gy X (1^ X 5i) + i +iTf

6i XSh - T- Xlf+l|
7

end find their sum.

(322) Simphfy (-006 of £2. la. 8d. -f 8-454 of £S. 6a.) X o^\.

(323) Two boys, A and B, come into school punctually

by their own watches, which are quite right at 9 o'clock on
Monday morning. A's watch gains two minutes, and B'*

watch loses a minute and a half every day : find how much
later B will be than A at Friday afternoon school, 2 p.m.

(824) Two gangs of 6 and 9 men are set to reap two fields

of 35 and 45 acres respectively. The first gang works 7
hours in the day, and the latter 8 hours. If the first gang
complete their work in 12 days, in how many days will the

second gang complete theirs ?
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(325) A grocer buys some tea at 48 cents per lb. and some
at U6 cents; in what proportion must be mix them tliat

wben he sella at 72 cents per lb, he may be making a protit

of 20 per cent. ?

(326) A pays 83.60 more tax than B, their incomes being

equal: living in different towns, they are rated at 1^ cents

and 1\ cents in the dollar respectively : what is J.'« income ?

(327) A bankrupt can pay 40 cents in the $ ; if his assets

were $500 more he could pay 45 cents. Find his debts and
his assets.

(328) If a piece of work can be done in 50 days by 35 men
woi-king at it together, and if, after working at it for 12 days,

16 of the men were to leave the work ; find the number of

days in which the remaining men could finish the work.

(329) Alfred owed Robert two-thirds of the amount that

Robert owed Charles ; and to settle matters, Robert gave
lOd. to Alfred, who then paid Charles: what did Robert owe
Charles ?

(330) The length, breadth and height of a wooden box are

4 ft., 2^ ft., 3 ft. respectively. Find the cost of painting the
outside at 1^. 3i. a square yard.

(881) Simplify

and find their sum.

(332) A man walks a certain distance, and rides back in

3 hours 45 min.: he could ride both ways in 2^ hours. How
long would it take him to walk both ways ?

(333) I have to be at a certain place in a certain time, and
I find that, if I walk at the rate of 4 miles per hour, I shall

be five minutes too late, if at the rate oi 5 miles per hour, I

shall be 10 minutes too soon. How far have I to go ?

(334) A, B, C, and D enter into partnership : A and B
contribute $1390, B and C $1590, C and D $1810, A and D
$1610, A and C 8 1500 : they gain $1152 : what is the shai-e

of each ?

(335) On a stream, B is intermediate to and equidistant

from A and C ; a boat can go from ^ to B and back in 5 hr.

15 min., and from ^ to C in 7 hr. How long would it

take to from C to ^ ?

(886) I have a certain sum of money wherewith to buy a
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certain number of nuts, and I find that if I buy at fie rate
of 40 for 10 cents I shall spend 5 cents too much ; if at the
rate of 50 for 10 cents, 10 cents too little. How much
money had I ?

(337) If A has §38940 to invest, and can buy Toronto
city 6% bonds at 985, or Montreal Corporation Consolidated
7% stock at 117^, how much will the one transaction be
better than the other, brokerage being i % ?

(338) What must be the face of the note for 3 mos. made
on 18th Aug., so that discounted at 7^ per cent, on the day of
making at the bank the proceeds may be §14315 ?

(339) If in a meadow of 20 acres the grass grows at a
uniform rate, and 133 oxen consume the whole of the grass
on it in 13 days, or that 28 oxen 5 acres of it in 16 days :

how naany oxen can eat up 4 acres of it in 14 days ?

(340) In a constituency, in which each elector may vote
for two candidates, half of the constituency vote for A , but
divide theii" votes among B, C, D, E, in the proportions of

4, 3, 2, 1 ; of the remainder, half vote for B, and di^dde

then- votes among C, IJ, E, in the i)roportions of 3, 1, 1

;

two-thu'ds of the remainder vote for JJ and E, and 540 do
not vote at all ; find the order on the poU, and the whole
nimaber of electors.

24 + -oSi
(341) Simphf7liof2| + 6|-4-2f + 5i + :

^ ' - •*
\

- 2-2 — -64
/

5i- -^ f li- of 4^
(342) Simphfy,

i^ ^f i - IQi >^ ^ °^
13^ of 5|

(343) "When the New York gold market is at 104f , what
would I get for $2304.50 currency.

(344) A person invests §9450 in 5^ per cent, stock, so as

to receive an income of §787.50 ; what was the price of the
stock '?

(345) Two pipes A and B, would fill a cistern in 25 min-
utes and 30 minutes respectively. Both are oiiened together,

but at the end of Sf minutes the second is turned off. In
how many minutes will the cistern be filled ?

(346) A man for 5 years spends ^40 a j'ear more than his

income. If he, at the end of that time, reduce his expendi-
tui'e 10 per cent, in 4 j-ears he will have jpaid off his debts

and saved ^£1.20. Find his income.

(347) The sum of ^177 is to be divided among 15 men, 20
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women, and 30 children, in such a manner that a man and
a child may receive together as much as two women, and all

the women may together receive i;60 ; what will they each
respectively receive ?

(34S) If 8000 metres be equal to 5 miles, and if a cubic
fathom of water weigh six tons, and a cubic metre of water
1000 kilogrammes, find the ratio of a kilogramme to a pound
avoirdupois. (Longi.on_).

(349) A mixture of soda and potash, dissolved in 2540
grains of water, took up 980 grains of aqueous sulphuric
acid, aild the weight of the compound, solution was 4285
grains. Find how much potash and how much soda the
mixture contained, assuming that aqueous sulphuric acid

unites with soda in the proportion of 49 grains to 32, and
with potash iu the proportion of 49 to 48.

(3.jO) a room is 21 ft. Iohg;, 15 ft. 6 in. wide, 10 ft. high
;

it contains 3 windows, the recesses of which reach to the
ceiling, and are 4 ft. 6 in. wide ; there are in it 4 doors, each
6 ft. 6 in. high and 3 ft. 3 iu. wide ; the fire-place is 6 ft. wide
and 4 ft. high ; a skirting 1 ft. 8 in. deep runs round the
walls ; find the expense of papering the room at 5 cents, a
square foot



ANSWERS
Ex. (i), p. 5.

(1) Seven ; thirteen ; forty-five ; fifty-^ios ; three hundred
and twenty-six ; four thousand, five hundred and seventy-
eight.

(2) Ninety ; one hundred and ten ; two hundred and
Beven ; fom* thousand, three hundred ; four thousand and
thirty-six ; four thousand, three hundred and six.

(3) Seven hundred and eighty; six hundred and nine;
five thousand, three hundred and sixty ; two thousand arwi

twenty ; one thousand, one hundred and one.

(4) Thirty-six thousand, four hundred and ninety-seven;

forty-nine thousand, five hundred and thirty-two ; six

hundred and fifty-four thousand, three hundred and twenty-
one; seven hundred and forty-three thousand, two hundred
and sixty-nine.

(5) Forty-five thousand ; thirty-two thousand, six hundred;
seventy-five thousand, two hundred and thirty ; five hundred
thousand.

(6) Eight millions, five hundred and seventy-two thousand,

nine hundred and fourteen ; three miUions, four hundred
and sixty-nine thousand, two hundred and eighteen ; four

millions, six hundred and twenty-nine thousand, eight

hundred and seventeen.

(7) Nine millions ; twenty-nine millions ; seven hundred
and fifteen millions.

(8) Nine hundred and ten millions, three hundred and
seven thousand, two hundred and forty ; three hundred and
seven milhons, four thousand two hundred and five ; three

hundred and eighty milhons, five hundred and three thousand

and forty.

(9) Two hundred and forty-three billions, seven hundred
and fifty-nine millions, two hundred and sixty-eight thou-

sand, three hundred and forty-two ; three hundred and seven

billions, four hundred and five millions, six thousand, two
hundred and seventy.



296

(1)

(2)

(3)

^4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15;

(16)

(17)

(18)

Kx. (ii), p. 6.

9; 12; 17; 19; 13; 16; 11.

23 ; 27 ; 35 : 38 ; 44 ; 40 ; 26 ; 34.

67 ; 75 ; 62 ; S3 ; 74 ; 92 ; 68 ; 95.

76 ; 22 ; 50 ; 15 , 28 ; 61 ; 49 ; 18 ; 90 ; 73.

107 ; 130 ; 246 ; 372 ; 608 ; 740 ; 990.

836 ; 747 ; 410 ; 913 ; 750 ; 384.

818 ; 808 ; 206 ; 430 ; 512 ; 787.

7845 ; 9637 ; 12000 ; 8400 : 6003 ; 85040.

5470 ; 3650 ; 8780 ; 1247 ; 4808.

6004; 7022; 3500; 9047; 2017; 19402.

70007; 60060; 14014; 70017; 12303; 16005.

356728 ; 640842 ; 900000 ; 800040.

7000000; 4576865; 75806940.

315000000; 5040000; 8000700; 18000020; 700000002.
315674018003 ; 35600000520.
7000000000 ; 5800000600047 ; 8000000043007.
305005004006003 ; 53000053053.

9000000000009 ; 90000000000900 ; 19000000019000

;

1000001001101.

1.

Ex. (iii) p. 9.

(1) Twenty-seven. (2) Forty-nine. (3) Sixty-eight

(4) Seventy-three. (5) Ninety-two.

(6) One hundred and forty-four.

(7) One hundred and sixty-three.

(8) One hundred and ninety-nine.

(9) Six hundred and sixty-loui-.

(10) One thousand eight hundred and seventy-two.

2.

(1) XXXVII. (2) LIX. (3) LXII.
(4) LXXXVII. (5) XCV. (6) CXXXIX.
(7) CXLV. (8) CLXXIX. (9) DCCCXLVI,

(10) MDCCLXIll.

(1) 11; 16; 20; 26.

(4) 60.

(7) 738.

(10) 74338.

(13) 1671.

(16) 33633.

(19) 208.

(22^ 12932.

Ex. (iv), p. 10.

(2) 98.

(5) 1409.

(8) 4971.

(11) 2008.

(14) 880.

(17) 28206.

(20) 1163.

(23) 106384.

(3) 67.

(6) 949.

(9) 23406.

(12) 3310.

(15) 28493.

(18) 18526.

(21) 9289.

(21) 59223.
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25) 284271.

28) 1S43(J83.

31) 3782-J72,

34) 6U333150.

37) 112-251.

40) 227(J5GG97.

(1) 7.

(4) 29.

(7) 35.

(10) 66.

(13) b808.

(16) 6222.

(19) 2779.

(22) 381.

(25) 2U42.

(28) 61195.

(31) 18467.

(34) 1.

(37) 9999998999.

(40) 610.

(43) 619.

(26) 1450741.

(29) 1979628.

(32) 347G908.

(35) 2082G857.

(38) 7643G8.

Ex. (V), p. 14.

(2) 8

(5) 34.

(8) 29.

(11) 609.

(14) 2112.

(17) 61471.

(20) 28828.
(23) 46.

(2(1) 6457.

(29) 10999.

(32) 60023.

(35) 999000.

(38) 8.

(41) 593.

(27) 680077891.

(30) 1184946.

(33) 799819.
(3G) 14G21293.

(39) 1825947.

(3) 19.

(6) 54.

(9) 45.

(12) 82.

(15) 4-228.

(18) 108.

(21) 2761.

(24) 32.

(27) 6780.

(30) 1096.

(33) 13378402.

(36) 99900000.

(39) 20.

(42) 159.

Ex. (y/i), p. 1»,

(1) 45. (2) 304. (8) 490.

(4) 87ft. (5) 684. (6) 861.

(7) 9273. (8) 11364. (9) 50; 75: 175; 225

(10) 635; 1016; 1270; 1397; 2540; 8890.

(11) 9868; 14802; 27137; 29604; 1233590; 17269000.

(12) 336861; 411719; 449148; 1871450000;
2994320000000.

(1) 345.

(4) 1820.

(7) 8815.

(10) 1546992.

Ex. (vii), p. 19.

(2) 1073.

(5) 3000.

(6) 80086.

(11) 7417784.

Ex. (viii), p. 20.

(3) 1620.

(6) 13734.

(9) 93940.

(12) 679826952.

(1) 173432.

(4) 872302.

(7) 39342154.

(10) 152847420.

(12) 848087421500.

(14) 8340400440.

(2) 123904. (3) 409354.

(5) 2274043. (6) 2GG7G40.

(8) 61212122. (9) 31976G614

(11) 58376823069.

(13) 38871923744.

(15) 295990965442.
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(17) 196350840, 122719275, 109083800.

(18) 46913400, 29320850, 26063000.

(19) 1138764, 724668, 664279.

(20) 4224924, 2688588, 2464539.

(21) 962341116, 612398892, 66186565L

Ex. (xv), p. 28.

(1) 8, 9. (2) 2, 3, 4, 8, 9,

(4) 2, 3, 5, 10. (5) 2, 3, 4, 8, 9.

(7) 2, 4, 8. (8) 5.

(10) 2, 3, 4, 5, 8, 9. (11) 2, 11.

(3) 8, 5, 9. 11,

(6) 3, 5, 9.

(9) 2, 3, 4.

Ex. (xvi), p. 29.

(1) 2, 3. 3. (2) 2, 2, 2, 3.

(4) 2, 2, 2, 2, 2. (5) 2, 2, 3, 8.

(7) 2, 3, 7. (8) 8, 17.

(10) 3, 19. (11) 2, 2, 8, 3,

(13) 7, 13. (14) 3, 3, 11.

(16) 3, 5, 7. (17) 2, 2, 3, 3, 3.

(19) 2, 2, 3, 11. (20)

(21) 2, 2, 2, 2, 2, 3, 8. (22)

(23) 8, 6, 6, 7. (24)

(25) 8, 3, 3, 3, 8, 3. (26)

(27) 2, 2, 2, 2, 3, 8, 3, 3. (28)

(29) 2, 2, 2, 2, 2, 2, 2, 3, 3, 5.

Ex. (xvii), p. 29.

(2) 9306.

(5) 420077.

(8) 11976096.

(11) 48482280.

Ex. (xviii), p. 30.

(2) 452736.

(5) 8642934.

(8) 14287262.

(11) 3781076.

(3)

(6)

(9)

(12)

(15)

(18)

8, 8, 8.

3,18.

2, 3, 3, 3;

5,17.

2, 2, 5, 6.

2, 2, 2, 2, 7.

2, 2, 2, 2, 11.

2, 2, 2, 2, 3, 8, 8.

5, 5, 5. 6.

3, 3, 3, 37.

2, 2, 2, 2, 2, 6, 11.

(1) 4858.

(4) 805892.

(7) 8104199.

(10) 4342356.

(i) 2472.

(4) 42370218.

(7) 74232657.

(10) 436876.

(13) 37296.

(3) 147474.

(6) 1594432.

(8) 32661000.

(12) 10138680000.

(3) 41798032.

(6) 42765328.

(9) 204074.

(12) 784978.

•Ex. (rix), p. 31.

(II 94, rem. 14.

(•i) 18573, rem. 17.

(5) 105531, rem. 35.

(7) 849, rem. 20.

(9) 11447, rem. 72.

(11) 10006, rem. 8569.

(2)

(-i)

(6)

(8)

(10)

11860, rem. 86,

878, rem. 22.

844380, rem. 86.

2392, rem. 134.

965316, rem. 718.

(12) 10000821, rem. 1812.
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(1) 619161890.

(3) 7283
(6. 7684 and 978

(VI)

(VII

(2i 8670344882024.
(4^ 114541.

(li $269.

(3i 252.

(5> $13300, $11900, $1050j.

(VIU.)

(1) 7000
(3) 31239

(5) $30

(2; 72 days.

(4; 296237.

(2) 450 lbs.

(4) $232.

(IX.)

(2) 9999000025
(4 11796 steps

(X.)

(2) 170680900742874252.
i4) 786543.

Quot , 432.

(3) $37569.

(6) $21000; $5400.

(3) 2796219.

(5) Eem. 12 ; Divisor, 72 ;



ANSWEBS. 301

Examination Fapers. (Page 49).

(1) 3327. (2) 35 times. (3) 44496 rails.

(4) 7. (5) 84, 36 and 132.

(n.)

(2) Bags of 1, 2, or 3 bu. each ; bins of 300, 150, or 200

biu

(3) $1650. (4) 60min. (5) 982832.

(in.)

(1) 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 20, 24, 25, 30, 36,

40, 45, 50, 60, 72, 75, 90, 100, 120, 150, 180, 200, 225, 300,

360, 450, 600, 9U0, 1800.

(2) 29.

(3) 3391 and 2699 are piime ; 14787 and 1477 are com-
posite.

(4) 60 hours ; A, 300 mi. ; B, 240 mi. ; C, 180 mi.

(5) 40 gi-ains.

(IV.)

(2) 203. (3) 9Jmi. (4) 70560.

(5) 24 fii-kms.

(V).

(2) 60. (3) 3 and 6. (4) 44 tunes ; 9284 trees.

(5) 3366000.

Ex. (xxvii.), p. 54.

(1) A- (2) ^- (3) h (4) i. (5) f.

.(6) *. (7) if. (8) ^. (9) m- (10) M.

Ex. (xx\iii.), p. 55.

n\ 2 1 2 (Q\ 2 4 15 14 /Q\ 23 1 220 210
\^) TTS"' ITS- \^) "54' 5T' "6?- V"5/ ^^.T' SS7' ITSS'
(A\ ^00 1 ."i G 5 1 3 8 ('.*i^ 4 8 6 3 3 6 4 4 5.';

\^) ^5^» ^¥Tr> 2TTT' 1J40- {'*) TT¥' 7T?» TT¥' TTT.
/«\ 3 5 4 15 3 5 ('7\ 3 24 200 84 33
V"; 70' 50' TJTT' OXy- \') TTT^iT' To1ff7» llTSJSf 108 0'

Ex. !xxix.), p. 56.

Tlie fractions are arranged in descending order.

(1) h T% I
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Ex. (xxx), p 56

(1) i|. (2) If i'd) If (4) If. (o) III.

(6) u- (7) \uh (8) mh (9) mh
Ex. (xxxi), p. 57.

(1) ^V (2) T%\- (3) tU- (4) A\- (5) Tie-

(6) ^'A. (7) rWV (8) ,i^. (9) \Uh
Ex. (xxxii), p. 59.

(1) A- (2) 1^|. (3) |. (4) T«A. (5) A-
(6) AV?. (7) Ml^- (8) 4%%- (9) /A-

Ex. (xxxiii), p. 60.

(1) f (2) |. (3) T-\. (4) if. (5) §.

(6) If. (7) ff. (8) f. (9) 1^.

Ex. (xxxiv.), p. 61.

(1) .67:. .2\ i^^e. (3) §-2_77 U\ 173019^'9 ^•^/47 ^'29 ^'lOOO
(5) 42t^. (6) 3AVV. (7) 31,Vt- (8) 928^-

Ex. (xxxv.), p. 62.

(1) lAv (2) If. (3) nm- (4) 65f
-

(5) 43^. (6) 178A (7) 5t-V (8) 12^^%-

(9) 38A. (10) 2-3^ (11) 8^. (12) III.

Ex. (xxxvi.), p. 63.

(1) 27|. (2) 744. (3) 718|. (4) ^.
(5) H. (6) 4. (7) 2|. (8) 26.

Ex. (xxxvii.), p. 64.

(1) ^. (2) Ti^. (3) ^V- (4) ^Att

(5) 3f (6) 1421 (7) 83601. (s) 66.

Ex. (xxxviiii), p. 67.

(1) 1^- (2) ^W (3) if. (4) ilf.

(5) lyV (6) M- (7) M- (8) li^.

(9) 2e (10) n-
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(1) Iff-
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(2) ^ ; VT' (3)

3600 rods ; UOOO rods. (5)

(VIII.)

36.

252.
(4) 80 rain. ; 4500 rods ;

(1)

(4)

(7)

9-^

(4)

(7)

(9)

(11)

(14)

(17)

(4)

(7)

(10)

(13)

(16)

(19)

(22)

(1)

(4)

Ex. (xli), p. 76,

(1) i

(9)

(13)

(17)

(2)

(6)

(3)

29

125001 (10)
2600

•4579. (14)

TinjoTTTy (7) V
100001 (11) .9

(4) I

(8)
20847

' 200

(12) -37.
1000

003. (15) 172-95. (16) •0000059'.

025679. (18) 3-25793. (19) -0019.

758-279832.

6964-72672.

Ex. (xlii), p. 78.

(2) -2464.

(5) 385-260863.

(8) 970-17047.

Ex. (xUii), p. 79.

(3) -0012.

(6) 8741-2062.

(1) 61-211.

(5) -0607.

(8) -004385.

(2)

(6)

(9)

85-25.

'00041588.

1-543. (3)
579-1274. (7)

9-9998. (10)

Ex. (xliv), p. 81.

(2) 18-9326.

(5) 12-08980432.

48-2293.

-0000014.

-00101.

(4) -001

14977-92625425.
•057746898828045
•0U984126.
•15205806.

150-0625.

(3)

(6)

•100345.
-9.

(8) -0000465181.

(10) 203-175662750726562.

(12) 1-01. (13) -00031304.

(15) -1009981674. (16) 20-570824.

Ex. (xlv), p, 85.

1
14400.
43-078.

147.

-0065839.

12.

12700. (5)

430. (8)
98-476. (11)
•0000771039. (14) 299846000.
2469300000. (17) 3596.

1290. (-20) 8-59.

76.371. (23) 905741000.

(3) -0013.

(0) 10000.

(9) -0000002004.

(12) 876540000.

(15) -20162.

(18) -00000029.

(21) 457-61.

23.28125.

83'J35-448.

Ex. (xlvi),p. 87.

1-119296876.
•00192.

(8)

(6)

8-4608.

-0001736.
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(in.)

'2) |816f. (3) 13 (4) $282f (5) W(^.
(IV.)

(2) S21.60. (3) 426, (4) 4000004-00000010000090007

;

Seveuty-four millions, three hundred and six, and sixty
millions and seven trilUonths. (5) 82;^ yd.

(V.)

(2) -d^mxf (3) 10-7608 mHes.

(5) ^,$192,231; £,^145.531; C, $110.94^.

(VI.)

(8) $34^. (4) 3-141592.

Ex. (Iv.), p. 105.

(2) 23. (3) 32.(1) 14.

(5) 297.

(9) 440.

(13) 23456

(17) 5678.

(1) 4-1.

(5) -25.

(9) 510-75.

(1) 4-4721.

(5) -4110.

(9) 4-0305.

(1) h
(5) iff".

(9) 8^.

(13) -7905.

(17) 8-7649.

(1) 16.

(5) 85.

(9) 85.

(6) 345.

(10) 835.

(14) 72500.

(18) 437962.

(7) 327.

(11) 6031.

(15) 2031.

Ex. (Ivi.), p. 106.

(2) 16-79. (3) -95.

(6) -027. (7) 131-31

(10) 137-65.

Ex. (Ivii.), p. 107.

(2) 5-4772. (3) -9486.

(6) -1264. (7) -0252.

(10) -9999. (11) -5025.

Ex. (Iviii.), p. 108.

(2)

(6)

(10)

(14)

A.

H. .

-6454.

(3) hi
(7) 2|.

(11) 4i
(15) 2-5298.

Ex. (lix.), p. 110.

(2) 32.

(6) 64.

(10) 99.

(3) 42.

(7) 34.

(11) 39-

(4) 13H.

(5) -00097061.

(4) 75.

(8) 867.

(12) 4698.

(16) 739000.

(4) -51.

(8) 1-001.

(4) -3478.

(8) -0347.

(12) 6-4833.

(4) ih
(8) ni

(12) 3f
(16) 3-0822.

(4) 79.

(8) 73.

(12) 63.
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(4) £3. 6s. 6d.

(7) X'22. 14s. 8d
(10) £5. 18s. Ud.
(13) i;ill. 6.^ 8(Z.

(16) £104. 12s.

(19) £3. 14s. 8d.

(22) i:39 7s. Gd.

Ex. (Ixvii), p. 123,

(2) 6s. 10c/.

(5) IBs. 8d.

18) £U. lis.

(11) i:2l. 12s.

(14) £5. 18s. l|c/.

(17) £5. 12s. 6d.

(20) £48.

(3) 8s. 9i.

(6) £1. 2s Id.

(9) £12. 5s.

(12) £15. 15».

(15) £122. 9s. 4d.

(18) £8. Os. lOitf.

(21) £30. 6«.

Ex. (Ixviii), p. 125.

(1)

(3)

(5)

(7)

f9)

(11)

£6. 10s. 6d.

£3. 128. 5hd.

£29. 13s. 4d.

£167. 19s. 2d.

£6189. 5s. 7*d.

£8615. 3s. 9'd.

(2)

(4)

(6)

(10)

£24. 9s. Ud.
£5. 18s. 4d.

£34. Is. lid.

£15212. 12s. 6<i.

£6022. Os. 7id

n.

III.

(1) 7s. lOid.

(4) £3. 19s. 4d.

(1) £1. 16s. 6id.

(4) 2s. 4d.

(1) £1. 3s. 2d.

(4) £4. 4s. d^d.

(1) 100.

(5) 231.

Ex. (lxix),p. 127.

(2) £5. 12s. M.
(5) 12s. S^d.

(2) 4s. Sd.

(5) Is. ^d.

(2) 3s. 4Jd.

(5) 6s. 4fd.

Ex. (Ixx), p. 127.

(3) 42.(2) 22.

(6) 10.

(3) 18s. 7id.

(6) £1. 17s. 7H
(3) 5s. 6d.

(6) 19s. lOcZ.

(3) £1. 4s. lOid.

(6) £1. 3s. 9iS<i,

(4) 79.

Ex. (Ixxi), p. 128.

(1) 8s. 6id. (2) 4s. 5-id.

(4) Is. (5) Is. ^d.
(7) IDs. 6d. (8) 14s. Sd.

(10) £48. ls.4ffi. (11) £77. 5s.

(13) £8. 3s. 3id. (14) £8. 12s. Id.

(3) 6s. 6fd.

(6) £24. 16s. 8d.

(9) £13. 6s. 6d.

(12) £1. 15s. Oid.

Ex. (ixxii), p. 129.

(1) £1412. lis. 8ci.

(8) £28299. Is. lOd.

(6) J18873. Is. Gd.

(2) £3226. Os. Gd.

(4) £31282. 8s. 5d.

(6) £27877. 13s. 8d.



ANSWERS. ~ 309

Ex. (Ixxiii), p. 130.

22646 sec. ; 61243 sec.

107020800 sec. ; 544324 min.
33 da. 17 br. 27 min. ; 6 hr. 32 min. 56 sec.

8 da. 14 br. 13 min. 12 sec.

;

wk. 2 da. br. 24 min. 56 gee.

118; 151; 286; 120; 151.

76 br. 34 min 36 sec, (7) 136 da. 1 br. 42 min.
26 wk. 2 da. 2 br. (9) 22 yr. 293 da. 1 br.

77 lir. 3 min. 41 sec.

250 da. 23 br. 1 min. la sec.

2 br. 54 min. 48 see. (13) 83 da. 17 br. 47 mm.
6 da. 22 br. (15) 298 da. 21 br.

1 yr. 331 da. 21 br.

5 da. 9 br. 36 min. 46 sec.

463 br. 35 min. 5 sec. ; 740 br. 46 min. 57 see.

2 da. 6 br. 14 min. ; 12 min. 17 sec.

Ex. (Ixxiv), p. 132.

132 in. ; 23166 ft. (2) 446418 in. ; 6499 in.

13513 po. 3i yd. ; 306 fur. po. 4 yd. 2 ft. 6 in.

137 mi. 36 po. 3 yd. 1 ft. ;

1309 mi. 4 fm-. 32 po. 4 yd. 2 ft. 8 in.

107 yd. 1 ft. 8 in. (6) 154 mi. 2 fur. 20 po.

23 fur. 21 po. 4^ yd. (8) 75 yd. 8 in.

50 mi. 2 fur. 35 po. (10) 35 p. 3 yd.

87 yd. 3 in. ; 932 mi. 1 fur. 31 po.

1 858 po. 3 yd. ; 1783 mi. 3 fur. 5 po. 1 yd.

6 yd. 1 ft. 2 in. ; 5 fur. 62V po.

2 yd 1 ft. 5i in. ; 1 fur. 29^1 po.

Ex. (Ixxv), p. 134.

(1) 36751875 sq. in. (2) 44425044 sq. in.

(3) 1210000 sq. yd, ; 94608 sq. in.

(4) 4 sq. yd. 55 sq. in. ; 3 ac. 28 po. 9 sq. yd.

(5) 1143 po. 2 sq. yd. ; 14 po. 10 sq. yd. 7 sq, ft. 110 sq. in.

(6) 284ac. 2ro.25p.
(7) 163 sq. yd, 7 sq, ft. 91 sq. in.

(8) 112 ac, 3 ro, 33 po, 15^ sq. yd.

(9) 27 ac. 2 ro. 36 po.

(10) 6 sq. vd. 8 sq. ft. 129 sq. in.

(11) 1 ac. 2 ro. 16 po. (12) B ac. 1 ro. 80 po.

(13) 6 sq. yd. 7 sq. ft. 22 sq. in.

(14) 66 ac. 3 ro. 36 ]io.

(15) 88 ac. 2 ro. ; 931 ac. 3 ro. 9 po.

(16) 1 ro. 18 po. ; 1 ro. 27 po.

(1

(2

(3

(4

(5

(6

(8

(10

(11

(12

(14;

(16,

(17

(18

(19

(1

(3

(4

(5

(7

(9

(11

(12

(13

.(14
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Ex. (Ixxvi.), p. 135.

(1) 202 cub. ft. ; 1175183 cub. in. ; 654558 cub. in.

(2) 43 cub. ft. 21 cub. in. ; 9 cub. yd. 11 cub. ft. 372 cub. in.

(3) 244944 cub in.; 149904 cub. in.

(4) 270 cub. yd. 26 cub. ft. 1143 cub. in.

(5) 195 cub. yd. 3 cub. ft. 298 cub. in.

(6) 3558 cub." yd. 10 cub. ft 284 cub. in.

(7) 8 cub. yd. 20 cub. ft. 1545 cub. in.

(8) 8 cub. yd. 1634 cub. in.

(9) 27 cub. yd. 7 cub. ft. 1472 cub. in.

(10) 707 cub. yd. 1323 cub. in.

;

2312 cub. yd. 17 cub. ft. 518 cub. in.

(11) 6 cub. yd. 14 cub. ft. 1029 cub. in.; 8 cub. yd. 24 cub. in.

Ex. (Ixxvii.), p. 136.

(1) 59pts. ; 109792 pts.

(2j 8 qr. 2 bu. 1 gall. 2 pt. : 47 qr. 4 bus. 3 pk. 1 gaU.

(3) 41 gaU. 1 pt. (4) 20 bus. 1 pk. 1 gall.

(5) 197 qr. 3 bus. (6) 2 qt. 1 pt.

(7) 3 pk. 1 gall. (8) 6 qr, 7 bus. 3 pk.

(9) 342 qr. 4 bus. 2 pk. ; 1115 qr. 4 bus. 1 pk.

(lO; 3 qt. 1 pt. qr. 3 pk.

Ex. (Ixxviii.), p 137.

(1) 12960 gr. (2) 1680 dwt.! 3420 dwt. • 6185 dwt.

(3) 22253 gi% ; 42663 gr..

(4) 6 oz. 11 dwt. 1 gr ; 7 lb 4oz. 18 dm.
(5) 12 lb. 6 oz. 19 dwt. 13 gr. ; 13 lb. 6 oz. 6 dwt.

(6) 74 lb. 7 oz. 7) 30 oz. 4 dwt. 9 gr.

(8) 87 lb. 7 oz. 12 dwt. 18 gi' (9) 3 oz. 4 dwt. 21 gi-.

(10) 7 lb. 9 oz. 13 dwt. (11) 9 oz. 12 dwt. 23 gr.

(12) 89 lb. 5 oz. 8 dwt. ; 141 lb. 7 oz. 19 dwt.

(13) 401 oz. 7 dwt. 11 gr ; 148 lb. 9 oz. 5 dwt. 21 gr.

(14) 2 lb. 12 dwt. ; 6 oz. 6 dwt. 11| gr.

(15) 5 dwt. 8 gr. : 2 oz. 19 dwt. 20 gr.

Ex. (Ixxix.), p 136

(1) 17600 oz. : 4852 di-. ; 10000.

(2) 203200 oz. ; 30050 lbs.

(3) 78416 di". ; 7507 lbs.

(4) 2 cwt. 3 qrs. 22 lbs. 11 oz. : 1 ton 17 cwt. 1 qr. 24 lbs.
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(5) 4 cwt. 2 qrs. 14 Jbs. 8 oz. ; 9 cwt. 2 qrs. 15 lbs. 16 oz.

14 di-s.

(6) 53 lb. 12 oz. 1 dr. (7) 45 qr. 19 lbs. 15 oz.

(8) 88 cwt. 2 qr. 14 lbs. (9) 2 lb. 1 oz, 9 dr.

(10) 2 qr. 22 lb. 8 oz. (11) 1 cwt. 1 qr. 11 lbs.

(12) 7t. 19 cwt. 3q. (13) 3 lbs.

(14) 34t. 18 cwt. 1 qr. 13 lbs.

(15) 120 cwt. 67 lbs. 2 oz. ; 187 cwt. Go lbs.

(16) 156 cwt. 1 qr. 15 lbs. ; 390 oz. 13 di-.

)17) 1 cwt. 21 lbs. 8 oz. ; 16 cwt, 1 qr. 13 lbs. 2 oz.

(18) 1 qr. 1434 oz. ; 2t. 3 cwt. 3 qr. 6^ lbs.

Ex. (Ixxx.), p. 139.

(1) 13 cwt. 1 qr. 2^ lb. (2) 13 lb. 14 oz. 12 dr.

(3) 80 mi. 1 fiir. 22 po. (4) 679 yd. 1 ft. 6 in.

(5) 166 ac. 3 ro. 32 po. (6) 757 ac. 2 ro. 12 po.

(7) 7b sq. yd. 7 sq. ft. 6 sq. in.

Ex. (Ixxxi.), p. 139.

(1) 2 cwt. 4 lb. (2) 10 oz. 5 dx.

(3) 1 mi. 5 fui-. 8 po. (4) 3 yd. 6 in.

(5) 5 ac. 3 ro, 4 po. (6) 1 ac. 3 ro. 8 po.

(7) 5 sq. yd. 7 sq.ft. 87 sq, in.

Ex. (Ixxxii.), p. 140.

(1) 13.S. M. ; ^1 lis. 3d. ; ^2 10s. 9d.

(2) 6 fur. 16 po. ; 30 po. ; 3 qr. 8^ lb.

(3) ^152 lls.Oid.; £1 13s. 9d.; 2 mi. 2 fur.

(4) ^514 16s. 15s. 9fZ. (5) £1 2s. lOU.
(6) 13s. dd. (7) 9 ac. 2 ro. 13^ po.

(8) 16 da. 3 hr. 35 min. (9) 2 fiu". 37 yd. U in.

(10) 4 cwt. 2 qrs. 11 lbs. lOf oz.

Ex. (Ixxxiii.), p. 141.

(1) A- (2) Hf (3) H- (4)m
(5) ^%\%. (6) h (7) I (8) T-V^^^.

(9) T-Sj.. (10) ^. (11) H^^. (12) If^.

Ex. (Ixxxiv.), p. 144.

(1) 12s. 6d. (2) £15 5s. 6rf.

(3) 2-3436d. (4) 3 qr. 18 lb. 12 oz.

(5) 12 dr. (6) £16. Os. 6d.

(7) Is. 5d. (8) £2 16s. 9-375d.

(9) 4a 2d. (lU) £2 lO.s-. TGd.
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(11) 22 1b. 6|oz. (12; £7.iGs.2id.
(13) 4 tons 16 cwt. 17.4 lb. (14) £20. 17s. lOUd.
(15) £2. 6s. 9-8d. (10) 16s. Id.

(17) ^1. 143. 8d.

(1) -8285

(4) -43.

(7) 2-64.

(10) l-43i8.

(13) 2-445916.

Ex. (Ixxxt), p. 14:5.

(2) -002083.

(5) 14-49.

(8) 1-382890625.

(11) -3.

(14) -5581

(8) -1875.

(6) -24.

(9) -0027.

(12) -00091875.

(15) -1406

Examination Papers.

I.

(1) 866,'V. (2) 3413 d. 9 hr.

(5) 191.

II.

(Page 14G.)

(3) 8 d. 2 hrs. 20 min.

(2) 13^I8{. (3) 49 min. past 1 P.M. ; 149^ mi.

(4) 19 mi. 14641 i yds. (5) 28160.

III.

r2) 8600 ; £1. 10s. (3) ^ 3 a. 1 r. 20 p. 21 yd. 77j in.;

jB 6 a. 3 r. 1 p. 11 yd. 7 ft. 118? in. ; C 7 a. 2r. 16 p. 17 yd.

1 ft. 29» in. (4) 29 yds. (5) 16 1. 4 cwt.; 10 cwt. 8 qis.6 lbs.

IV.

(1) eil.37J. (2) 259 bus. 2 pk. 1 gal. 1 i'U pt.

(3) 41 bus. 3 pks. 2| qts. (4) 47 bags. (5) $96.93

V.

(1) Loses $2. (2) 13|?Jcents. (3) 20 grs. is largest waight

(4) 12 t. 7 cwt. 8 qrs. 16-67 lbs. (5) 250 lbs.

Ex. (Lxxxvi), p. 150.

(1)
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Ex. (Ixxxvii.), p. 151.

(1) £281 Os. 8HfcZ. (2) £50 14s. i^Ud.
(3) £32 2s. l^d. (4) £496 2,9. Gr^d-
(5) £805 9s. l^d. (6) £3127 Cs. lU.
(7) £63 6s. 6|ci. (8) £1066 Is. CfcZ.

(9) £311 16s. Iflrf. (10) 839 15s. 3^d.
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Ex. (xciii.), p. 163.

(1) '21y\ min. past 4. (2) 32yx min. past 8.

(3j 49^4" min. past 9.

(1) ^TT "'"^- and 38/y i^iin. past 4.

(5) 21 1\ min. and 54x\ min. past 7.

(6) lOy 1" min. and 43xt u^in- past 11.

(7) 38j\ min. past 1. (8) 54^\ min . past 4.

(9) 10ff min. past 8.

Examination Papers. (Page 164.)

(1) 1800 lbs. (2) f18360. (3) ^26.40. (4) $1042.40.

(5) ^til5.

(n.)

(1) i0.02r3\. (2) $269,331. (3) §2408-40. (4j 300.

(5) 824 days.

(in.)

(1) 18 days. (2) 1200 men. (3) 35 days. (4) 33idays;
^. (5) 60 min.

(IV.)

(1) 24 days. (2) 360 days. (3) 60 mi. from A's starting

point ; 5 krs. and 15 hrs. from starting. (4) At 10 krs. 15
min. a.m. on Saturday, the watch is 5 min. 36 ^^ sec. too
slow. (5) lOi"^ min. past 5 and 9ji min. to 5.

(V.)

(1) 52 days. (2) 10 hrs. (3) A in 9f hrs, ; B in 6f hrs.

(4) 3hr. 54|- min. p.m. (5) -5^3- more.

Ex. (xciv.), p. 169.

(1) $825. (2) $1160. (8j $1215. (4) $4689.

(5) $95.70. (6) $156. (7) $164-02i. (8) ^4 9s. 2HUd.

Ex. (xcv.), p. 171.

(1) 4^ per cent. (2) 5^ years,
'

(3) $1250.

(4) $375. (5) 20 years. (6) 5^- per cent.

(7)12iyears. .(8) 5 per cent. (9) 97 days.

(10) 4|percent nearly(ll) 9| per cent. (12) Gained $50.

(13) 6 per cent. (14) $600;13^yrs. (15) October 6.
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(1) 1869.75.

(1) $59,109. (2;

(1) ;B125-509.

(4) $5,508.

(7) 92 cents.

(1) $4600.
(i) 11050.

(7) $456.80.

(10) £7 19s. M.
(13) 5 per cent.

(15) $45f, $13,\.

(17) $16|||.

Ex. (xcvi.), p. 183.

(2) $902.83.

Ex. (xcvii.), p. 176.

175.28. (3) $248.77

Ex. (xcviii.), p. 177.

(2) $238.81.

(5) ^4 3s. 2i^/5d.

(8) $15400.

Ex. (xcxix). p. 181.

(2) $70.

(5) ^537 10s.

(8) $137.50

(11) $6000.

(14) $1105; Bm is due May 4
(16) 80 to 83; $32
(18) $520; 6%.

Ex. (c.)

(3) $82.56.

(4) $297.89.

(3) $153.22.

(6) $420.25.

(9) $24000.

(3) $561.50.

(6) $36.

(9) J152 Is. 3d.

(12) $16-186...

(1) $0-285.

(5) $18.86...

(1) $3121.60.

(4) $77.90.

(2) $19,047

(5) $100.

(2) $716.76. (3) $314.

Examination Papers, Page 184.

(I-)

(2) $781.25.

(5) $8108.326...

(n.)

(3) ^9 8s.95 cents. Ad.

(1) $2500. (2) $71-88..

(1) $7-11^.

(4) A's by $224.05.

(m.)

(3) $888. 88f.

(IV.)

(2) $50000.

(4) $511.

(3) 4.08%.

(4)
3i%.

(4) $41 4^.

(1) 7^ mo.
(4) 3* mo.
(7) 9| mo.

May 5, 1869.

Ex. (ci.), p. 187.

(2) 4t^ mo.
(.5) 7J mo.
(8) $364.01.

(3) 6i%; £574 135.

(5) $12000.

(3) 5 mo.
(6) $666in4.

The equated time in

All the bills are equivalent to $362.35, but
this will draw interest at 6y» till June 2. (9) 28 May.
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Ex. (cii,), p. 190.

(1) Aug. G, 1875. (2) Nov. 20, 1877.

(3) No?. 25, 1877.

Ex. (eiii.), p. 191.

(1) 21-25. (2) 738-571428. (3) 56087-6.

(4) 26-9625. (5) 10-154875.

Ex. (civ.), p. 192.

(1) $120; 278 horses. (2) 38^; 2; 40.

(3) 75844. (4) 3^; 12^; 16.

(5) 300 ; 234371 ; 4300000.

Ex. (cv.), p. 193.

(1) $106-40. (2) $700. (3) $5-91.

(4) $1.87*. (5) U%. (6) $77.

(7) $7488. (8) $d800. (9) $38400.

(10) $20000; $50.

Ex. (cvi.), p. 194.

(1) $3-125. (2) 747-25. (3) £4488 16s

(4) $415-25. (5) $473. (6) $9.80.

(7) $10000. (8) $4800.

Ex. (cvii.), p. 195.

(1) $56.70. (2) $0-017. (3) $1312600.

(4) 1^ cents in the dollar.

Ex. (cviii.), p. 196.

(1) $458.10. (2) $88. (S) $450.

(4) $199.60. (5) $9500.

Examination Papers. (Page 197.)

(I.)

(1) 4-065. (2) $225. (3) $3640.

(4) 41825. (5) 10.

(H.)

(1) $1760. (2) $7119.80. (3) 21.75.

(4) $10935000. (5) ^, $40; B, $45.

(in.)

(1) $8400. (2) 418 bales; $323.58

(B) As 40 and 81. (4) $8. (5) 2-97d
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{IV.)

(1) S305.78i. (2) 16222-11 lbs. (3) 165; 255; 330.

(4) Grain, ^1020
;
groceries, $950.

15) A gets .^842.30 ; B, ^918 87 ; C, $1598.S3.

(1) S2535H-



S18

(1) $2.33i
(4) 90.

(1) 4000 lbs.
;
$1,081

$2.68f; 40% and 39H%.

(1) 12-99 gain.

$3160; $6528.

(1) $1000.

(4) 43^.

ANSWERS.
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(7) $30; $48; S2S. (8) «15.30; $14.25.

(9) A, S245; B, 6225.

(10) Johnston, S585 ; Wilson, §487.50 ; Miller, §175.50.

(11) A, 834.30; iJ, $53.90.

(12) A, S735; B, §490; C, 8367.50; £>, ^294.

(13) 1(3« gall, and 25t-V gall.

(14) A, $118.30; B, §55.90; C, $13.

Ex. (cxiii). p. 225.

(1) Net gain, $1974 ; ^'s, $2312; B\ $2172.

(2) Net loss, 03165; ^'s, $2836 ; if's, $1154.

(3) Net loss, $3550 ; A's, $i01(> ; B's, net insolvency,

$2730.

Ex. (cxiv), p. 230.

(1) 5 lbs. of first, 7 lbs. of second.

(2) 80 bu. oats ; 20 bu. rye ; 20 bu. barley.

(3) 50 lbs. at 55 cts. ; 30 lbs. at 75 cts. (4) 15 gall, water.

(5) 12 sail, kerosene. (6) 14 bu. rye ; 14 bu. barley.

(7) 18 lb. at 14 cts. ; 18 lb. at 18 cts. ; 48 lb. at 30 cts.

(8) 36 lb. at 33 cts. ; 36 lb. at 37 cts. ; 48 lb. at 45 cts.

Ex, (cxv), p. 237.

(1) 109^ (2) $44693.20 (3) 2 fr. 13 cent.

(4) 1760copeka. (.5) 9 ti. 20 kr. (6) 3345.44.

<J) £576.123. Gd. (8) ^1 = $4-8665. (9) London gives

25 fr. 45c. for £1. (10) f 1 = 1 o» marcs Banco.
(11)84.86.^1. (1212602 ^fl. (13) 53H per
milree. (nearly). (14) ()i(»2()45 oz : 25.17 francs.

Examination Papers.

(!•)

(1) 1-2372. (2) A $6075 ; B S5400; C$G0OO.
(3)5774.43. (4)Dirpct S14224.91 ; Cir. $14476.72;
gain $251.81 (5) 2-341-% discount.

(n.)

(1) 78 J cents and 66| cents. (2) A $4912 ; B S6168.

(3) £1 = 25. 35it. (4) A, $2324; B $1708.
(5) 10 and 4.

(m.)

(1) 83i lbs. of 8, 10 and 12 cents and 100 lbs of 20 eta.

(2) «1212. (3) 81257 . (4) .V.. (5) £2. b».2id.(nearly).
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(IV.)

(1) S2211A-. (2) $43.63. (3) »5.

(4) Paris, $14285.71f ; London, $14600; Amsterdam,
$14640. (5) 1 lb. at 8 ; 8^ lb. at 13 ; 8 lb. at 14.

(V.)

(1) 69, 17, and 106. (2) 1184- per cent.

(3) 8, 10 and 12 months. (4) 9176i^.

(5) -42
; 23/y per cent.

Ex. (cxvi.), p. 242,
,

(1) i is gi-eater. (2) |^ is greater.

(3) If is greatest: | is least. (4) 45 : 364.

(5) 112 : 405. (6) $31.25. (7) H-
(8) i : 3i. (9) 128 - 1 (10) 9 : 13.

Ex. (cxvii.). p 245.

(1) 4 : 3 : : 12 : 9. (2) 12|. (3) '0076

(4) ^ : C : : 25 : 39. (5) 21. (6) if
(7) -048. (8) 28. (9) A.

(10) A $552; B $460; C $345; D$2'60.

Ex. (cxviiii,) p 247.

(1) ^1285. (2) 10 h. 40 m. 36 4^ sec. (8) /a mi.

(4) 3 h. 25 min. P.M. (5) 10 d. ; 12f d. (6) $47.l'3.

(7) 78|. (8) 8 P.M. Thursday.

(9) 7722 stones. (10) 12800

Ex (cxix.,, p. 249.

(1) 54 men. (2^ 1050 men. (3) 18.

(4) 50 men. (5) Nav\-ies did 6 times as much as soldiers.

(6) 12M di'onas. (7) 576. (8) 16f.

(9) 165, (10) 12 days.

Ex. (cxx)., p. 252.

(4) 5000 mm. (5) 1067.25 dcm.

(6) 15 milligrams. (7) 43-7 mm, ; 4.37 cm.

(8) 155000 sq. cm. (9) 1086-42 sq. dcm.

(10) 1725 grams. (11) 100 milligrams ; 10000 decigrams.

(12) 256-7 centigi-ams. (13) 5l 00 miUigi-ams.

(14) 1-60931 kilometres. (i5) 567-875 cu. cm.

(16) 3720htres.
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Ex. (cxzi), p. 256.

(1) 35 sq. ft. (2) 135 sq. ft. (3) 300| gq. ft..

(4) 12 sq. ft. (5) 452^ sq. ft. (6) 224 sq. ft.

C7) 008 sq ft. (8) 150/8 sq. ft. (9) 402 i sq. ft.

(10) 30| sq. yd. (11) 1387V„- sq.yd. (12) 815/, sq. ft.

(13) 8701 sq. ft. (14) 91 sq. ft. 121 in.

(15) 11 J sq. ft. (IG) 502 sq. ft. 73 sq. in.

(17) 2232 sq. ft. 81 sq. in. (18) 16 ft.

(19) 7 ft. 6 in. (20) 8 ft 9 in. (21) 11 yd.

(22) 88 yd. (23) 99 yd. (24) 9 ft.

(25) 16 ft. (26) 103 ft. (27) 405 yd.

(28) 255 yd. (32) 360-5 yd. (30) 163-25 yd nearly.

(31) 5v/ 2 in. (32) 625^ 2 ft.

Ex.(cxxii), p. 256.

(1) 283. (2) 46/,. (3) 67.

(4) 58. (5) 142|f. (6) $33.60.

(7) $90.93J. (8) 883.89f (9) ^11. 95. Hd.

Ex. (csxiii), p. 258.

(1) 630. (2) 855. (8) 875|. (4) 79a
(5) 825.60. (6) $13.62. (7) ^6. 13s. 2^^.

(8) ^6. 6s. 9^8^^.

Ex. (cxxiv), p. 258.

(1) $4.93^. (2) $520.96^. (3) 210 ft.

(4 135 ft. (5) ^13. 10s. (6) 85.95.

(7) 81.20. (8) 12 ft. (9) 62 yd. 1 ft,

(10) 22^ a. (11) 17ift. (12) lit. 9^ in.

(13) §12. (14) 6952 stones. (15) $12.96.

(16) 813.50. (17^ 429 yds. ; 715 yds.

(18) 105lUsq. yd.; 2955^8q. yd. a9) 26.

(20) 869.20. (21) $2955 J (2-2) 8112.64.

(23) 2 ft. (24) 300.

Ex. (cxxv), p. 262.

(1) 836 cub. ft. (2) 6481 cub. ft. (8) 83 7| cub. ft.

(4) 850 1 8 8 cub. ft. (5) 10585yy cub. ft. (6) 9000.

(7) 16335 tons. (8) 600 men. (9) 1 ft. 7 in.

(10) 2031^ lb. (11) h ow . (12) 6i ft.

;U) 160. (14) Sift. ^16)^88 19*. 2d
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ExamirMiion Papers.

(1)

(4)

(7)

(9)

(12)

(14)

(17)

(20)

(22)

(24)

(27)

(29)

(31)

(33)

(35)

(37)

(39)

(42)

(45)

(47)

(60)

(53)

(56)

(59)

(62)

(65)

(68)

(71)

(74)

(77)

(79)

(81)

(84)

000002
113. (2) $75.

30 inches. (5) 6 of each. (6) -02 ; 2000
;

2000-020002; ^""^^^"T'
"

•432. (8) 7899 mi. 1 fur. 25 po. 3 ft. 6 in.

(11) 9405 steps.

(13) ^Mf; 0189.

(16) 17695260 in. ; ffi

45 miles. (10) $210
$5670, $7560.

I; -75. (15) 14.

12 days. (18) 108.

A, $2.49; B, $15.81.

400 > lOOOXTj ^•'- J
^J-'J^

£142 12s. 6d.; M2 15s.

r^96; fi.
21 yd. 2 ft. 2f in.

$166-66f.
3i.

4 per cents.; $128700.
$35.00 and $52.50.

3 ft.

55-3 ft. (40) 75^ yds

$4200. (43) 269W.
16s. 6c?.

$2f ; 10 %. (48) $1785.

£5 15s. 0|d.(51) ^^*

9d.

(19) $12000.

(21) 1

£14 5s. 8d.

(26) 5 h. 48 min.

(28) P2-66f.
(30) $49-50 and $49.50.

(32)

(34)

(36)

(38)

(41)

(44)

3 03 0'

7 ^
/ 1 n

$3733^
$823.68.

$1.50.
33-6 in.

B hr.

1183
6 70-

$4906-25.

(54) 36 daj^s

(57) $9.37i.

(60) $15i
(63) 1 hr.

(66) 8hr.
(69) 16i ft.

(72) 7-976 d.

(75) 16 day.

knots.

35 cents less.

5A% ; $17^1-

1.

256.

(46) 200, 189, 101.

(49) 270 ft.

(52) 5s. Id.

(55) 26 sec. loss.

(58) $16^.

(61) 2|.

(64) $3346.87^.

(67) 7 %.

(70) 11 sq. ft.

(73) 89^^V ; -000365.

(76) 107tV;j
'^"^'^y^-

A gets $1925; B $770; C $154. (78) $3600; 5| %
Loss of 40 %
I 6.33403. (82) 3%.

4 hr. 32 min.

charcoal, 3^ lb. of sulphur
$16. (88) $12705.
$60.75; $20.42i.

31116.

(87)

(90)

(92)

(94) l-A min. to 12

(96)

(99)

4%"&5%.
900.

(97) $805.

(80) M Is. 6tfd.
(83) 8 days.

(85) 221b. of nitre, 4| lb. of

(86) 95tV cents.

(89) 1-2535 lb.

(91) 1.

(93) £1 ; '74a
(95) 7i %.

(100) $67.50,
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(101) 42238274625. (102) -8937 in.

(103) A in 6|f da.; B in 9|| da.; C in 14^^ da.

(104) 90 miles. (105) $410; $800;

(106) $9.50. (107) Loses 4°/.. (108) §214.

(109) $9.38-1^. (110) 1.^ lid.

(Ill) 14 min. (112) ^-. (118) 18250.

(114) 30 mi.; 25 mi. per hour. (115) 7A ; £50 less.

(116) 4 days. (117) $6.17^.

(119) On Tuesday p. m. when one clock marks 9h. 11m.,

and the other 8h. 54m. SOsec.

(120) » 1238.70 (121) 4497 times.

(122) #450. (123) $10,$1«,S15.
(124) $1.12. (125) 80. (126) 4 times.

(127) B walks a mile in 13^ min ; he loses by 11 i min.

and by f I mi (128) Ik months.

(129) 90 ;
$465. (130) 1200 <,'al.

(131) 4.j'i. (132) 46. (133) 4000 ft.

^134) A, ^ets 88 cents ; B, 49^ cents.

(135) 18 1^ min. and 16^*^ min. past 3.

^36) 13^ years. (137) ^6136. 9s. 2d. ; 6i %
(138) 10. (139) £60000. (140) 38.

(141) 81.76. (142) S^days. (143) 3i hrs.

^144) 28^ days. (145) 4U0 miles.

(146) 874. (147) A gets $1155 ; B,

$572; C^, $259.50. (148) 6^.

(149) 111835f metres. (150) £U. 13s. 3d. ; | ft.

(151) 2. (152) 937 ; -02268 of an inch.

(153) 7^ miles. (154) 8\. (155) £600. (156) $760.

(157) 16f miles. (1.59) 2'4-9 fr. = £1. ; 25-15 fr. = £1.

(160) 3ft. IIV, in.(161) 1. (162) 74423^
(163) 48 min. (164) 4^ uiouths.

(165) 9 of spirit to 31 of water. (166) 56^%.

(167) $2035. (168; 10. (169) 2-198;n. in a century

(170) 6.30 p.m. (171) 103-67; 574. (172) 15 hr.

(178) 56 yd. (174) $6. (175) ^\ min.

(176) $-23- 17|^. (177) 13|9 min. (178; 1520 tons.

(179) 10861578 nearly. (180) 1120 yd. ; 262,»Of ac.

(181) 15 masters, 345 boys.

(182) A i,'pts $17.50 ; iJ, $52.50 ; C, $105; D, $175.

(183) $4500. (184) 18 cents. (185) 40 % of loss.

(186) $-24360. (187) 6cents. (188) $11835.75.

(189) $3.40. (190) '581.12; 7 yds. (191) 2.

(192) 1,S hr. (193) $7500.

(194) $3750. (105) $8400.

(196) Each child gets $1920.60 ; each brother, $960.80.



824

(197)

(199

(200J
(203

(2(!5]

(207]
(209'

(211
(214'

(216*

(218)
(221'

(223

(225;

(228'

(230j

(231

(233;

(236;

(239;

(241

(244;

(246^

(248]

(250;

(25i;

(254)

(256)

(259)

(261)

(263)

(266)

(269)

(271)

(275)

(278)

(281)

(283)

(284)

(286)

(288)

(290)

(293)

$215. (198) He gains 14^ 1'.

50000000 quarters.

8 miles an hour ; 1^ miles an hour. (202) 4|.

87A. (204) 1609-806 metres.
§2.00. (200) 8-243 %.
^5 , 40 of increase. (-208) 2 : 7.

83 ft. 7 oz. Avoir. (210) 2 ft. 3 in.

^9. 3s. U. C212) 6 f and 10 %. (213) 3 pints

4 %. (215) $2450.
$92; S115. (217) 30 days.
$4000. (219) $115. (2-20) 474.
•05. (222) 124.001 aad f.
9000 men. (224) Second greater by $50.
$9125. (226) 7i hr. ; 18 hr. ; 5} hr.

10 hours. (229) $6120.
Length 32 ft. ; breath 16 ft. ; lieight 8 ft.

5s. (232) 42000.
$33.75. (235) Lost $1.

$305. (237) $i|. (238) ^6000.
$9.50. (240) 48000.

8s. (242) 8^ days. (243) 90 days.

$56000, $48000, $42000. (245) $35.

160 ; 023. (247) 1500 bbls.

^1. lis. 4id. (249) 5^ years.

Length, 27 ft. ; breadth, 18 ft. ; height, 12 fl.

3998936616. (252) 9. (253) 1%.
Increase $160. (255)

4Hays. (257) $30. (-258)

24 days. (260)
400 in. (26-2)

l^mi. (264) B. (265)

$1200. (267) Loses 5%. (268)

$40800. (270)

Between -0001 and -0002.

C $6000 ; D $7000.

If cents. (276) $5.60.

$12800. (279) $4.30.

750 (282) 478, 869, and 584."

45 mi. and 80 mi. per hr.

50 per cent. (285) 82^ cents.

\5\ cwt. of nitre; l/j cwt. of sulphur; ^^^ cwt. ol

charcoal. (287) 4^ miles per hour. -^

Capital $1000000 ; Eeceipts $100000. (289) 3^ %.

1 ; 23. (291) 86|i ; 10//,. (292) 1-}^.

jeee. i3s. ^. (294) 2-8523809 hr.

17f%.
4i per cent.

^ilO; 150 per cent

$553i ; 5%.
$200.

$4.81 nearly.

25 cents.

(273) A $3200 ; -B$4800;

(274) $6.50.

(277) 96 J cents.

(280)-
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(295
(297

(299

(301

(303

(305

(807

(810

(312
(314
(316'

(318
(320'

(322

(324

(326

(828

(331

(834

(835

(837

(340

(341

(344

(847

(348

(349

(850

5 hr. lOJS min.
839.95.

7U-41 ; 1-46.
$274.12i; $456.26
3^ aud I.

8-/;i000.

i-131

$12.31

6f per cent.

$3000.

73-| cents.

B, by 16 yds,

26 yd.

(296)

r298)

(300)

(802)

(304)

(306)

(308)

(309)

(811)

(318)

(815)

(317)

(819)

(821)

^'62. 5». (823)

9 days. (325)
61440. (827)
70. (329) 2s. 6d. (330)

i ;
A

; 1. (332) 5 hr.

$234; $266.40; §396; $345.60.

3^ hours. (336)
First is $50. (338) $14600.

82 days.

8 per cent.

28^; 427ilb.

Loss

4 per cent.

$1023.75.

$80 ;
$133i

$5100.
12 903. 18
•^2^157" ' ^ff*

16 years.

S7800.
I5 months.

J per cent, loss
1 . fi26 . 7
?T ' "2T » '*

14 min. 48} sec,

1; 2.

$10000
8s. 2^d.

(833)

$4000.

5 miles.

70 cents.

(339) 25 oxen.
B, 2916; D, 2052; G, 1944; E, 1728, inA, 3240

all, 6480.

12}t|. (342) 4f|. (343) $2200.
66. (345) 18 min. (340) i'1160.

Man gets £4:. 4s. ; woman gets £3 ; child ^£1 16*.

27951: 12500.

875 grains of potash; 390 grains of soda.

$20.0o.



APPENDIX 1.

INTEREST, ANNUITIES, ^c.

1. To find the amount of a given sum, in any given

time, at Simple Interest.

If P be the principal in dollars, n the length of time in

years, r the interest of §1 for 1 year; then the interest of SP
for 1 year will be Pr, and for n years will be Pm; where-
fore, if I be tlie interest, then

1 = Pm.
If M be the amount, we have

M = P + Pm
= P (1 + rn).

2. To find the amount of a given sum, in any given

time, at Compound Interest.

Let P = the principle in dollars ;
«' r =^ t!ie interest of Si for 1 year

;

«« n = the number of years
;

" K = the amount of $1 fori year = 1 + r;

then PR will be the amount of SP for 1 ycai',

and this becomes the Principal f(ir the 2nd year

;

.-. PRR = PIi2

will be the amount of SP for 2 years,

and this becomes the Principal for 3rd year ;

.-. PR2R = PR3
will be the amount of $P for 3 years, etc.

;

bence, .M = PR"
= P(lrfr)%

will be the amount of SP for n years.

Interest = PR" — P
= P(Rn-l).

3. To show that tlie formula, M= PR^ is true when

n is fractional.

If « is fi-actional we can always find a whole number such

that na is a whole number = q., suppose. Divide the



APPENDIX. 827

year into a equal iatei'\'als, and let 'in be the amount of SI
in one of these intei-vals, then the amount of $1 in a in-

tervals is m", and is equal to R; also the amount of $1 in

n j^ears, that is 7io: intei^vals, is equal to m"", and therefore

equal to R" ; hence the amoimt of $P = PR'' , therefore the
formula is tioie for fractional values of n.

Thus, if r' is tho nominal yearly rate of interest of $1 pay-

aole q times a year, meaning that — is the interest payable

at the end of each qth part of a year, then the amount of $1

va a year is $ (1 + —
, and the fnte yearly rate of interest is

(-^f-
Ex. (1). Find the amount of $100 in 2^ years at 8

per cent. Compound Interest.

I
5 8 5-3 /^\ 2 5-3-1 /_8^

= lOOJl + 2 •nJo + r2^-' \100/ "^ l-2-3 2^ ^100

= 100 (1 + -02 + -012 + -000155 + ...)

= $121-215...

Ex. (2). Find the advantage when Compound Inter-

est is reckoned, of having the interest paid half-yearly,

quarterly, &c., instead of yearly.

The advantage per SI for a year, when the interest is paid
half-yearly, and the half-3'early payment is half the yearly
one.

-(1 + |)-(l+r)

= 1 + r +-4-^ ... — (1 -f r)

= -7- Jisarly, since r is a small fraction.

Similarly, when the interest is paid quarterly, the advan-
3r»

tage = -Q- nearly.
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And generally, when the interest is paic! p times a year,
the advantage

2p I' nearly.

Ex. (3). Find the amount of a given sum at com-
pound interest, the interest being supposed due every
instant.

M = P(1+^

If the interest were paid q times per annum, then

q - 1-2 • [qj
+"•]

1

= 'P]1 + nq ' - +

= 'P {l + nr + n {n— "r | r^ +

1-2

Now, if 3 fee indefinitely gi-eat, that is, the intervals be-

tween the payments indefinitely small, then, neglecting

-

and its powers, we heve

l+nr +-^ + r2^ + - }

= Pe-^, where e = 2-7182818.

Todliunter's Algebra, Art. 642.

Ex. (4). If P represents the population of any place

at a certain time, and every year the number of deaths

is -tb, and the number of births "th, of the whole
P ?

.

population at the beginning of that year; required the

amount of population at the end of n years from that

time.

At the end ol one year from the time the population was P,

P P p— q
.'. the increase = - — - =P

q p pq



p—1]
p(l )
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*. population ftt end of 1st year

p—q I P— Q) „= P + P^-^ =P 1 1 + -—-
r = Pi, Bay.

Similarly population at end of second year

{ pq ) I pq ,

and so on as in Compound Interest.

Hence, poj^nlation at end of nth year = P -. 1 +

4. To deduce the formula for airnple Interest from the

formula for Compound Interest.

M = PE"
= P(l + r)"

n{n— 1)
(- + &c.

Now Compound Interest may be regarded as consisting

of two parts

:

(1) Interest on principal, and
(2) Interest on interest.

If from the value of M, given above, we take away the

part that represents interest on interest, there remains the

interest on the principal or the Simple Interest. Now the

third term contains r- or r < r, that is interest jn interest.

Similarly for succeecUng terms.

Therefore for Simple Interest we have
M = P (1 + nr), as betore.

Hence, any formula for Simple Irterest may be
deduced from the correspoiiding one for Com
pound, by neglecting r^ and all iijgher powers

Therefore, in general, we shah find the icrmula tor Com
pound Interest, and deduce the corresponding formula fci

Simple Interest. Indeed this is the only rational method
of treating the subject. There is but one kind of interest,

viz., Compound Interest. Sunple Interest is incoiTsct in
principle, and of course maj'^ lead to v^ory incoiTsct results.

Wlien any sum of money is due, it matters not whethor it is

called principal or interest, it is of value to the owner, and
should bear interest. The results obtained by the piiuciple

of Simple Interest are merely approximations to tlie correct
results obtained by the principle of Compound Interest,



830 APPENDIX.

Exercise I.

(1) A sum of $P is put out at Simple Interest for n years ;

find an expression for its amount at the end of that time.

(2) If R be the amount of $1 in one year at any rate oi

interest, the amount of P dollars in n years will be PR",
whether n be integral or fractional.

(3) If $P at Compound Interest'amount to #M in t years
;

what sum must be paid down to receive $P at the end of t

years ?

(4) If $P at Compound Interest, rate r, double itself in n

years, and at rate 2r, in m years ; show that — s. ^.
n

(5) In what time will a sum of money treble itself, at 5 per
cent.. Compound Interest ?

log 3 = -4771212, log 1-05= -0211893.

(6) A sum of money, $P, is left among A, B, C, in sach a
manner that at the end of a, b, c years, when they respective-

ly come of age, they are to possess equal sums ; find the
share of each at compound interest.

(7) Two men invest sums of $4410 and S4400 respectively,

at the same rate of interest, the former at simple, the latter

at compound interest ; at the end of two years their pro-

perties amount to equal sums; find the rate of interest.

(8) In a certain county the births in a year amount to an
wth of the whole population, and the deaths to an nth ; in

how many years wiU the population be doubled ?

(9) A person spends in the first year m times the interest

of his property ; in the second year, 2m times that of the
remainder; in the third year, 3m times that at the end of

the second, and so on ; and at the end of 2p years he has
nothing left ; shew that in the pth year he spends as much
as he has left at the end of that year.

(] 0) If interest be payable at every instant, in how many
years would SI amount to $6, reckoning interest at 5 per

cent. ?

(11) A person starts with a certain capital which produces
him 4 per cent, per annum compound interest. He spenr"":

every year a sum equal to twice the original interest on hia

capital. Find in how many years he will be ruined, having
given log. 2 = -3010300, log. 13 = 1-1139434.

(12) The population of a county is 35743. There is no
emigration or immigration. The annual deaths are 27 in
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the 1000, and the bu'ths 62 in 1000. What will be the in-

crease of the population in five years ?

(IB) If the population of a country be P, and every year
the number of deaths '3 ifa-tl and the niamber of births

-4-Vth, of the whole population at the beginning of the year

;

find in what time the population wUl be doubled,

xog 181 = 5^-25768, ^og 3 = -4771213.

log 2 = -30103.

(14) On a sum of money bon-owed, interest is paid at the
rate of -5 per cent. After a tune ^600 of the loan is paid off,

and the interest on the remainder reduced to 4 percent., and
the yearly interest is now lessened one-third What was the
sum borrowed?

(15j If a debt a at compound interest is discharged in 11

a
years by annual payments of "— , show that

a + r)" (1— mj-)= 1.

DISCOUNT.

5. To find the Present Worth and Discount on any sum
for a given time. (I) Compound Interest. (2) at Simple

Interest.

The principal difference between Amount and Present
Worth is that the former is reckoned furwurds from a given
date while the latter is ckoned backwnrds from the same
date. Hence it is ev t that if V represents the Present
Worth, then,

V = P(l + r)-"

P
=^ JfTZyi: foi* Compound Interest

;

expanding and neglecting r* and higher powers we have

P
:;—;—

- for Smiple Interest.
1 + nr ^
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If D b« the Discount, then

D = P — V
p

-= p _ — , tompound Interest.

P= P - y:^^., approximately,

Pur
, ^^^

1 , , Simple Interest.
1 + nr '

6. If we expand P (1 + r)~", and neglect r* and higher
powers, we get

P (1 — nr)

which may be called the common present worth.

The true present worth is

P
z—

;

; by division

^= 'P {l — nr + n-r^ — n^r^ + dkc.

Subtracting the common from the true present worth, w»
get

Fn-r"^ (1 — iir + n-r- — <&c.)

1

1 + nr '

and, therefore, when n is small the error committed in

taking common for true discount is nearly proportional to the

square of the time.

In the expression
P (I — m),

1 ... 1

if ?i = - the common present worth is nothing ; while if n > -

it is a negative quantity. That is, the common present

worth of a bill for SlOO due 20 years hence at 5 per cent, is

nothing, and for any period beyond 20 years the holder of

the bill would i-equire to pay a certain sum to get quit of it,

wliich is absiu-d. The true present worth of $100 due in 20
P

years, as given by the formula t——-, is $50.
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7. The interest is greater tJian tlie discount.

V nr

1 _ 1 4- nr

D Vnr
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What is the sixm of money ? If the time be 8\
years, what is the rate per cent.?"

From the above formula we have

24 = ^»^
P + 28

24 P -f 24 X 28 = 28 P
4 P = 24 X 28
P = $168

;

the sum requhed is §168.

Again, D =--j

2+7r
1

.'. rate percent.=: 100r= ^^ = 4^-|,

Ex. (2) If the Simple Intei'est on a sum of money
for a given time and rate is ith of that sum itself, the

True Discount wiU be —of the sum,
n+ l

but, in this case, I = - P ;

•• ^-p+j.p

n + 1

6'Similarly, if the interest be ^^^ of the principal, the discount

is rof the principal.
a + 6



APPENDIX, 885

Ex. (3). Bank Discount at 5 per cent, being $130.90,

find tLe true discount on the same amount.

20^

20
•.D = -^X S130.90.

= $124- 6G|.

10. Bank Discount exceeds True Discount by the Simple

Interest on the True Discount.

Bank Discount—True Discount = I—D
Fur= Pnr -

= {p-

1 -j- nr
= Dnr
= Simple Interest on the

True Discount.

Ex. (4) The True Discount on a bill due in 1 year,

and discounted at 8 per cent, being $500, what would
have been the Bank Discount thereon ?

Bank Discount = True Discount + Dnr
= $500 + $500 X Ths= $540. .

Exercise II.

(1) Bank discount being 5 per cent., a person receives

$37.10 less than the nominal value of bis bill. "What
should be receive for bis bill if true discount only were
deducted?

(2) A person possesses a sum of money, the simple inter-

est of which at 4 per cent, is $530.25. With this sura be
purchases an estate, for which he pays by a note payable in

4 month's time, and which being discoiinted at 4 per cent.,

is worth at present exactly the money be possesses. For
how much la the bill drawn.
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(3) True discount, at 4 per cent., on a sum of money
being $15, find simple interest on the same sum at 6 per
cent.

(4) The interest on a certain sum of money is $180, and
the discount on the same sum for the same time, and the
same rate of interest is $150; find the sum.

(5) If the interest on $A for a year be equal to the dis-

count on ^B for the same time, find the rate of interest.

(6) If the three per cents are at 90 one month before the
payment of the half-yearly dividend, what is the rate ol

interest ?

(7) A gives J5 a bill for $a, due at the end of m years, in

discharge of a bill for %h, due at the end of n years : for

what sum should B give A a bill due at the end of p years,
to balance the account at Compound Interest ?

(8) Given A my income, a the premium for assuring

$100, r the rate of Interest per cent, per annum ; find what
sum I must lay out in assuring my life, so that my execu-
tors may receive a sum, whose interest shall equal my
reduced income.

(9) A sells goods to B and allows him 10 per cent, dis-

count, if he pay in six months ; what discount ought he to

allow if payment be made in two months, at 6 per cent, per
annum, simple interest '?

(10) The discount on a promissory note of .$100 amounted
to $7.50, and the interest made by the banker was $5-406
per cent. ; find the interval at the end of which the note was
payable.

EQ UATION OF PA YMENTS.
11. To find the equated time of payment of two sums

dim at different times at a given rate of interest.

Pi (Pi + PQ Ps ,,N
Wi n n2

Let Pi, Pg, be the sums due at the end of the time

??T, «,2 ; r the rate of interest ; take time N greater than
iig. Then it is manifest that the amounts of P,. P,, at
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the time N, should in equity be together equal to the
amount of then- sum, (P^ + P.^), in the same time.

Whence,

(l + rj + P, (l

N— wi /
\ N-

Pi II + r] + p, (l + r

N ~n
Pi +P,j^l+r

/ \
N

or dividing both sides by I 1 + r
) , we have

P,(l4-r) ''' + P„(l^r) ''"=(pj +P,)(l + ,.)^.(1)

that is, the present values of these sums, due at theii' respec-

tive times, are equal to the present value of their sum, due
at the equated time.

If we expand, neglecting 7-2 and liigher powers we have.

Pi (1 — nir) + P2 (1 —n.r) = (Pj + P.) (1 —nr)

or, P^Hi + Pow-i = (Pi + Po)n.;

Pl^i + P2»2
••''=

Pi +P2
which is the rule given in Art. 184.

12. We have seen, Art. 6, that the exnansion of

I
]-"

\1 + rJ , neglecting /•- and higher powers, gives

comiiwn present worth instead of tnce present worth.

The above process is, therefore, incorrect. It may easily

be seen that we have taken the interest instead of the

discount of sum paid before it is due, and thus, since

interest is greater than discount, Art. 7, a small advan-

tage has been given to the payer.

13. If we write equation (1) in the torm,

Pi P2 _ P. +P2
(1 + r)"i + (1 + r)«2 ~ (1 + rr

'

and expand, neglectmg /\j, and higher powers, we have

Pi "Po Pi +Po
1 + /ii/ 1 -f ?ior 1 + nr

which IS the xorm of the equation for Simple Interest.
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Solving for »i we get

""= P
, + P73-V(P7n^, TV'ln,

)~"'

whicli is the correct value of the equated time.
If r be a veiy sin:ill quantity, as in practice it usually is,

and P^, P2, not veiy large, we shall have

P,w, + P.,?t,
n = —p—-—p , as before.

ANNUITIES.

14. The term Aunuity is understood to signify any
interest of money, rent, or pension, payable from time
to time, at particular periods ; and these payments may
take place yearly, half-yearly, giiatterly, dc,

15. To find the Amount of an annuity, to be paid for-
a (fiven number of years, at Compound Interest.

Let A be the annuity, n the number of years, E the

amount of one dollar in one year, M the required
amount.

We have
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TIT A f -, .

,

,
n(n — 1) o

, n

)

r i 1-2 )

= A|n + |(«-l)r}.

17- To find the Present Value ofan annuity, to he paid

for a given number of years, at Compound Interest.

I. The amount of the annuity at the end of the first

year is A, while the present vahie is ABr^ ; similarly,

the amount at the end of the ?itli year is AE.''~\ and the

present value is AR~". Hence in order to obtain the

present value from the amount we must first multiply

the formula for the amount by E, and then change

the sign of the index Oj 11.

Multiplying by R we get

A ^"+' - ^
E-1 '

Changing sign of index we have

R-r-.+i»_R-i
P = A

=A

E-i-

R-^ -1
1 - R

^(1-E-").

n. We may obtain the same result by proceeding on
the principle tliat if the present value P be put out to

compound interest for n years, it ought to amoimt to

the same as tlie annuity for that time.

Hence PR"n _
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III. We Tvill now proceed on the principle that the

present vahie P is the sum of the pre&'ent values of the

respective annual payments.

Present value of A clue 1 year hence = AR~^
2 " = AE-«

&c. = &c.
.. « ^ .. c' _ A.R-"

.*. P = AR-i + AR-2 + AE-« . . . AK-^

= AE- ^^:z^'-

= - (1-R-

18. For Simple Interest, expanding and neglecting

r* and higher powers, Wt: get

:

P='
r̂\ E»i

_ A (l + r)"- l

~ r '

(1 + r)»

^ A 1 + nr + "(^\)>-3 4- . . .
—1

» 1 + ?ir

= A. ^ + " ("— i)y

1 -(- iir

==7iA . 2 + (n —l)r
.

2 1 + ?ir

19. Tofind the present value ofa perpetual annuity,

T. Reckoning Compound Interest.

P = AB-^ -f ART^ .... ad infinitum.

_AR-^
~i—R-^

_ A
"~R=i

T
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11. Reckonimf Simple Interest.

P nA 2 + (n-l)r

2 "

1 + wr -

nA ^ + (1 - i)

= 1.

'2 i + r

Now when n = a, the hmit of

^ +(l-i)r _ + (l-O)r
'i + r + r

X A
Hence, the limit of P, when n ^^ a: = ——- z= x .

This result shows that an infinite sum of money is re-

quii-ecl to be left, in order to insure an equal annual pay-
ment for ever, which is absurd. It indicates, therefore, that

the only correct method of computing annuities is on the
compound interest principle.

20. ^0 find the Present Value of an annuity, to com-

mence at the end of p years, and then to continue q years.

The present values of the first, second, &c.
, qth. payments,

due at the end of p + 1, &c.,p + q years respectively, will

evidently be

AR-'i^+^' AR-'P+2' &c. AR-(P+<1);

whence the present value

P = AR-<P+^'- il +.R-1 + R-2 + ... + R- '*i-l>

(r.J.1 i f 1 ~ R ^= AR~'P+^'- 1-R-i

R? 1^

~ Rp+q (R - 1

If the annuity is payable for ever after p years have ex-

pired, by summing the above sei'ies ad infinitum, we have

A
^^^RPlR-l)"

These formula enable us to compute the values of Rever-

sions, or Anv/uities in Reversion ; and the latter deteiTnines

the value of the Fee Simple of the freehold estate, which is

to faU in at the expiration ofp years.



842 APPENDIX.

Ex. 1. A sum of $a is borrowed for a period of rri

years, to be rei)aid by equal anniTal instalments, the

first payment to be made after one year. Find the

amount of the annual instalment.

Let A be the annual instalment.

Then the amount of this annual payment in m years.

Again, if the sum a be allowed to accumulate for m years
at coaipound interest, its tmount

= a E"*.

Now, the?e two amounts ought to be equal.

Hence we have

- |R'» - l\=a R";

Ex. 2, Tlie present value of an annuity of $1, to

continue x years, is $10 ; and the present value of an

annuity of $1, to continue 2x years, is $16; find the

rate of interest.

Here,

and

01 2 -

10
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Subtituting in tlie first equation, we get

2 1

5 r

1

••• '' = l5 '

or 100 r = 4.

The rate is, therefore, 4 per cent.

Ex. 3. A mortgage of $5,000, interest at 6 per cent,

per annum, has 7 years and 10 months to run ; find its

present value, interest at 10 per cent, per annum, pay-
able half-yearly.

The first payment of interest is $300, and will be due in 10
months; its amount for seven years, at 10 per cent., pay-
able half-yearly, will be 3l)ll(l'05) ^*. Similarly, the amount
of the second payment of intei-est at the end of the 7 yea s,

will be 3J)(r05)'-; and so on. The amoiont of the last

payment will be ^3J0.

Hence, the whole amount of the mortgage and interest

will be

5000 + 303 (1 05)"+ 300(1-05)12 + + 300.

= 5000 + 300 {(1 -04]" + (1.05)12+ _ _, ^ l|

f(l-05ji«-l'
=.5000+300

j ^^.^5^,—^

= 8162-00.

Now, if the present value, P, be put out to compound
interest at 10 per cent, per annum for 7 years and 10 mos.,
it ought to amount to the same as the mortgage for that
time.

.-. P (105)i5J = 8462-06

.-. P = 3940.13.

The Present Value of the Mortgage is, therefore, §3940.13.

The value of (l-05)i^* may be found

(1) By means of a table of logarithms.

12) By raising 1-05 to the 16th power, dividing this by
l-()5 we obtain the 15th power, talcing | of the difference

and adding to the 15th power, we get approximately the 15f
power of 105.
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(3) By the Binomial Theorem, as follows :

(1.05)» = (1 +^)^^i+ Jj,— ^Vtt = 1-0163 ; then
(1.05)^^^ 1.0163 will give a close approximation to (1.05)"*

For additional information on this subject co7isult Loan
Tables by Professors Cherriman and Loudon.

Exercise III.

(1) A person's dividend from his Bank Stock is $530 a
year. What is the present value of thie income for five

years to come, computing by simple, and also by compound
interest, at 7 per cent.

(2) What annuity, to continue 20 years, can be purchased
for $10000, allowing compound interest, at 5 per cent.

(3) For what sum might the Government of a country
undertake to pay an annuity of $1000 a year, for ever, on
the supposition that money may always be invested at 6 per
cent.

(4) For what sum might an annuity of $400 a year, for 10
years, to commence in 5 years, be purchased, allowing com-
pound interest at 6 per cent ?

(5) A person who enjoyed a perpetuity of $1000 per

annum, provided in his will that, after his decease, it

should descend to his only son for 10 years, to his only

daughter for the next 20 years, and to a benevolent Institu-

tion for ever afterwards. What was the value of each
bequest at the time of his decease, allowing compound inter-

est at 6 per cent. ?

(6) A person at the age of 22 put $100 at interest, at 6

per cent., and $100 each year after'rt'ards, until he was 40

years old. He also collected the interest annually, and con-

verted the same into principal ; what amount was, by these

means, accumulated ?

(6) A corporation borrows ^3769 at 4 per cent., to be paid

in 30 years by equal annual instalments. What will be the

annual payment ?

(7) A property is let out on lease for a years at an annual

rental of $f), and after c years the lease is renewed on pay-

ing a fine of $d. What is the additional rent equivalent to

this fine ?

(8) A farm is let for n years at a fixed rent and a fine of

$p. When p years of the lease remam, what fine must be

paid to extend these p years to q, at compound interest ?
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(9) If two joint proprietors have an equal interest in a

freehold estate wortla $a per annum, but one of them pur-

chased the whole to himself by allowing the other an equiva-

lent annuity of $b for n years, find the relation between a

and b.

(10) Find the present value of an annuity of $1, paid n
times per annum, and continuing for m years, allowing

compound interest at the rate of r per cent, per annum;
and prove that, as n is indefinitely increased, this present

l-e""""
value continually approaches the limit .

(11) A monthly instalment of $10 has 2 years one month
to run, what sums must be paid at once to reduce the period

iix months, money being worth one-half per cent, per

month?

(12) A mortgage of $4000 interest at 5 per cent, per an-

num, payable half-yearly, has 17 years and 8 months to

run. Find its present value, interest 10 per cent, per an-

num, payable half-yearly.

(13) If two sums, «i, $2, due at times t^, %, be paid to-

gether at an intermediate time t, t being determined from the
equation.

«,R-<i-f5,R-»=(s,+ ..)R-*,

Show that whichever mode of payment be adopted

(1) At any antecedent period, the present values are the

same

;

(2) At any subsequent period, the amounts are the same

;

(3) At the intermediate time of payment, the interest of

the sum overdue is the discount of that not due.
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CUBE ROOT.

The extraction of the cube root, by the ordinaiy nile, is a
troublesome process, seldom used and easily forgotten. The
following process is much simpler and more easily remem-
bered.

Let a be an approximate value ofthe cube root of N, so that

I^N z:= a + X, X being veiy small
;

then'N = {a + x)^ = a^ + 3a-x + Sax^ + x^

= a^ + Sax {a + x], nearly, since x is

small.

Fu'st suppose N = fl3 + 3a-x;

N-a3

and

3a2

N + 2a 3

Ba2 '

N + 2a3
therefore, more neaiiy, N = a^ + Sax —sr*^- >

N — a3

N + 2a3

and, therefore, ]^N = a + x

2N + a3= 'a.
N + 2a3

Suppose we wanted to find the cube root of any number N,
In the first place we find some number a whose cube is

somewhere near the given number. Then the fi-action,

2N + a3 .^

N + 2a3
"

will be a nearer approximation to the cube root than a itself

was. Wlien we haA'e found this value, we can take this as

a and repeat the process.

Thus, to find the cube root of 241-804367, we observe that

216, the cube root of 6, is nearest to 241. Hence the first

value of a is 6.
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Therefore. ^ ^+ ^'
.^

699-608734
X 6— 673-804367

_ 4197-636404
~ 873-804367
= 6-23 very nearly.

On trying 6.23 we find it is correct.

Ex. (1). Find the cube root 47.

The newest cube to 47 is that of 4.

Hence,
N + 2a3

94 + 64 X 4
47 + 128

_ ^
~" 175

_ 2528
• ~ 700

= 3.61 nearly.

Next, take 3.61 for a, and snbstitnte in the formula, and
ire get 8.6088261, which is correct to seven places of deci-

nals.

Ex. (2). rind the cube root of 10.

2N + a"
In this case, N+ 20"

20 + 8
X 2

10 + 18
= 2.153.

Next, substitute 2.15, instead of 2, and we get

20+9-938375 _ ,_
:;

—

X 2-16
10 + 19-870750

= 2-1544340,

which is correct as far as six places of decimals. This
metliod has also the practical advantage that an error o?

work gets corrected at the next triaL
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Exercise I.

pa
(8) ——

.

(5) 22-5 years, nearly.

PRf+o
(6) A''s share is

(7) 5 per cent. (8)
lo". 2

log. {inn-m + n) — log. mn

(101 n = 20^^. (11) 17-67 years,
loge

(12) 6708.471. (13) 125 years, nearly. (14)

Exercise 11.

(1) $706.66^. (2) ^13585. (3) 819.50.

(4) $900. (5) 100 5:=^: per cent,
A

(6) 3f^ (7) aRP-"—6RP-".
Aa

(8) ——

.

(9) 11-463 per cent. (10) U years.
a-^-r'

Exercise III.

(1) At simnle interest, $2237.77 ; at compound interesti

S2173.10. (2) $802.42.

§166G6.66t. (4) r2199.95.

5) $7360.08; $6404.74; $2901.83. (6) $3000.56
1.50-76 drB"

(6) i_(i-04)-30
• ^'^^ E« - 1 •

(8) n^ (R--R-) (9) ^=2 (l-l^l-

10) 7 ]
1 - n-Li)"^ [ .

*" is interest of $1 for 1 year.

11) $53.68. (12) $2422.86.
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MATHEMATICS.
PRICE.

HAMBLIN SMITH'S ARITHMETIC.-An Ad-
vanced treatise, ou the Unitary System, by J.
Hamblin Smith, M.A., of Gonville and Caius Col-
leges, and late lecturer of St. Peter's College. Cam-
bridge. Adapted to Canadian Schools, by Thr^mas
Kirkland, M.A., Science Master, Normal School,
Toronto, end William Rcott, B. A., Head Master
Model School for Ontario, 6th Kdition SO TTi

KEY.—A complete Key to the above Arithmetic, by
the Authors 2 C'>

"I consider Hamblin Smith's Arithmetic by Kirkland and
Scott, and Hamblin Smith's Alge'ora, with appendix by Mr.
Baker, admirable works, far better adapted for use in oui-
schools andfor private studythan anj'other similarworks that
I know of. They will soon, I have no doubt, supersede text-
books hitherto used in our schools, as they have ah-ead>
done in the Gait Collegiate Institute."

—

ATex.' Murray, M.A.._
Mathematicul Master Gait Collegiate Institute.

KIRKLAND & SCOTT'S ELEMENTARY
AKITHMETIC.—An Elementary treatise, on the
Unitary System, intended as an introductory text-
book to Hamblin Smith'.s Arithmetic, by Thomas
Kirkland, M.-i.. Science Master Normal School,
Toronto, and William Scott, B.A., Head Master-
Model School, for Ontario ; 40th thousand within
first year of its issue 25

"Introducing Fractious immediately after the ' Siraple
Kules' will be hailed by all practical teijchers as a step hi
the right direction. I sliall advocate the exclusive use if
your work in all elementary schools, as my past experience
enables me to estimate its value"

—

John Macoun, MA.,
F.L.S., Becfor of 4lbert College Qrammar School, Belle-
ville.



W. J. GAGE & Go's Educational Series.

PRICE.
McLELLAN & KIRKLAND'S EXAMINA- ,

,aiOi\ PAPERS In AKITHME iIC.-A compL'te V
- /" series of Problems, designed for use in Schools and
"" Colleges, and eapeciallv adapted for the pre-

paration of candidates for Teachers' Certificates,

by J. A. McLellau, M.A., LL.D., Inspector of High
Schools and Thomas Kirkland, M. A., Science
Master Normal School, Toronto. 4th Edition 1 00

McLELLAN & KIRKLAND'S EXAMINA-
TION PAPERS—Part I.—Containing the Ex-
amination Papers for admission to High Schools,
and for Candidates for Third-Class Teachers' Cer-
tificates 50

HINTS AND ANSWERS TO McLELLAN &
KiRKLANO'S EXAMINATION PAPERS, contaita-
ing answers to Problems and Solutions to all diffi-

cult questions. Prepared by the authors. 2nd
Edition 1 00

The leading American Educational Journal (Notiojtal
Teachers' Monthly) says of McLellan and Kirkland's Exam-
ination Papers:—"In our opinion, the best collection of
problems on the American Continent."

SMITH & McMURCHY'S ADVANCED ^'

ARirHMETXC 50

SMITH & McMURCHY'S ELEMENTARY
ARITHMETIC 25

McLELLAN'S MENTAL ARITHMETIC-
• PART I. Contaiiiiug the Fundameutil Kules,
Fractions, and Analvpis. By J. A. McLellan, M.A.,
IiL.D., Inspector of High Schools, Ontario. 2nd
Edition 30

McLELLAN'S MENTAL ARITHMETIC-
PART II. By the same author, luUy treats Per-
centage in its various applications. General Analy-
sis, Stocks and Shares. Interest, Discount, kc, &c.,
and gives practical solutions of almoit every type
of question likelv to be met with in any treatise on
Arithmetic. 2nd Edition 45

"His treatment of the subject has been so practical and
skillful that teachers have frequently expressed the wish
that he would prepare a text-book on Mental Arithmetic.
The volume before us. Part I. of the Wf)rk, treats systema-
tically and comprehensivelv of the fundamental rules, frae-
tiOiis,' analysis reduction, &c. It contains about 1.200 well
graded practical problems. We caa recommend the bodk
to all teachers of arithmetic."

—

London , dvertiser.

JUVENILE MENTAL ARITHMETIC. - By
.X JODQ F. stoduaid, il.A 15
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EAMBLIN SMITH'S ALGEBRA.-An Elemen-

tary Algebra, by J. Hambliii Smith, M.A., of Gon-
:,ville aud Caius Colleges, aud late Lecturer at St.
Peter's College, Cambridge, with Api^endix by
Alfred Baker, B.A..Mathematical Tutor, University
College, Toronto 90

EEY.—A complete Key to Hamblin Smith's Algebra. 2 75

"Arrangements of subjects good; explanations and proofs
exhaustive, concise and clear ; examples for the most part
from University and College Examination papers are
numerous, easy and progressive. There is no better Al-
gebra in use in our High Schools and Collegiate Institutes."
—Georcie Dickson, B.A., Head Master Collegiate Institute,
Ha^niiton.

HAMBLIN SMITH'S EXERCISE IN AL-
GEBKA. PAKT 1 75

GROSS' ALGEBRA.-PART II. By E. J. Gross.
jSl.A., Fellow of Gonville and Caius Co'leges, and
Mathematical Lecturer at Gerton College, Cam-
bridge 2 50

HAMBLIN SMITE'S ELEMENTS OP GEO-
METKY, containing Books J. to VI., and portiwis
of Books XI. and XII., of Euclid with Exercises
and Notes, byJ. Hamblin Smith, M.A., &c.. and
Examination Papers, from the Torrnto and McGill
Universities, and Normal School, Toronto 90

HAMBLIN SMITH'S GEOMETRY.-BOOKS
I. aud II., with Exercises, &c 30

HAMBLIN SMITH'S GEOMETRY.-BOOKS
II. and III-, with exercises, drc 30

POTTS' EUCLID.—Containing the first six books
with expianatfuy notes ; a series of questions on
each book ; and a selection of Gcomf trical Exer-
cises from the Senate, House, and College Exanii- «

nation Papers ; with hints &c., bv liobcrt Potts,
M.A., Trinity CoUrge, with Appendix by Thomas
Kirkland, M.A., Science Master Normal School.
5()0th thousand 50

POTTS' EUCLID.-BOOKS I. and IL, with Exer-
cises 30

POTTS' EUCLID.-BOOKS IL and III. with Ex-
erciscs 30

"I shall recommend Pott's Euclid to the teachers in
training as a book of invaluable use."

—

W. Croclett, A.M.,
Principal Nominal Training School, New Brunswick.
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KXRKLAND'S STATICS.—An Elementars Treat-
, ise on Statics. By Thos. Kirkland, M. A., Science
' Master Normal School, Toronto, with numerous
examples and exercises

;
principally designed for

the use of candidates for flrst and second class cer-
tificates, and for the Intermediate Examination.
4th edition 1 00

" It supplies a great want felt by those preparing for
Teachers' Certificates. This— did it possess no other merits
—should make it a great success. It is by far the best text
book on the subject for the schools of Ontario I have seen."
Oeo. Baptie, M. A-, M. D., Science Master Normal Scliool,

Ottawa.

HAMBLIN SMITH'S STATICS.—Elementaby
Statics. By J. Hamblin Smith, M. A., Gonville
and Caius College, and late lecturer at St. Peter's

College, Cambridge, with appendix by Thomas
Kirkland, M.A., Science Master, Kormal School,

Toronto 90

HYDROSTATICS.— Elementaey Hydrostatics.
By J. Hamblin Smith, M.A., Gonville and Caius Col-

lege, late lecturer at St. Peter's College, Cambridge. 75

KEY.—A Key to Hamblin Smith's Statics and Hydro-
statics in one volume 2 00

TRIGONOMETRY.-ElementabyTeigonometby.
By J. Hamblin Smith, M. A 1 25

KEY. A Key to Hamblin Smith's Elementary Trigo-

nometry 2 50

ENGLISH.

MASON'S ADVANCED GRAMMAR.-Includ-
iug the principles of Grammatical Analysis. By
C. P. Mason. B.A., P.C.P., fellow of University

College, London. Enlarged and thoroughly revised,

with Examination Papers added by W. Houston,

M.A. '27th edition '. *' ^^

*' I asked a grammar school inspector in the old country

to send n e the best grammar published there. He imme-
diateiv sent Mason's. The chaptere on the analysis of dif-

ficult sentences is ' f itself sufficient to place the work far

beyond any Enclish Grammar hitherto before the Canadian

public."—w lex. Sims, M.A., H M.H S., Oakville.
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PKICE.
MASON'S ENGLISH GRAMMAR.-(Commou

Scliool edition) -with copious and careluUy graded
exercises, 243 pages 60

MASON'S OUTLINES OF ENGLISH GRAM-
MAR, for the use of junior classes 50

ENGLISH GRAMMAR EXERCISES.-By C.
P.Mason. Reprinted from Com. Sell. Edition 30

MILLER'S SWINTON'S LANGUAGE LES-
SONS, (revised edition), adapted as an introduc-
tory text-book to Mason's Grammar, by J. A. Mac-
miilan, B.A., Ottawa ' oUegiaie Institute. It con-
tains the Examination Papers for admission to
High Schools, and teaches grammar and composi-
tion simultaneously. 5th edition, 40th thousand... 25

" In accordance with a motion passed at the last regular
meeting of the County of Elgin Teachers' Association, ap-
pointing the undersigned a Committee to consider the res-
pective merits of different English Grammars, with a view
to suggest the most suitable oue for Public Schools, we beg
leave to report, that, after fully comparing the various edi-
tions that have been recommended, we believe that 'Mil-
ler's Swinton's Language Lessons' is the best adapted to the
wants of junior pupils, and would urge its authorization on
the Government, and its introduction into our Public

Schools." (Signed,)
A. F. BtJTLEB, Inspector.
J. McLean, Town Inspector.
J. MiLLAB, M. A., Head Master St. Thomas High School.
A. Steele, B.A., Head Master Aylmer High School.
N. M. Campbell, Head Master Co of Elgin Model Scho 1.

It was moved and seconded that the report be received
and adopted. Carried unanimously.

NEW ENGLISH GRAMMAR.-In three parts :

Etymology, Syntax and Analysis. By William
Swinton, A. M. Revised by J. B. Calkin, M. A.,
Principal of the Normal School, Truro, N. S 50

DAVIES' INTRODUCTORY ENGLISH
GKAxMMAli 25

DAVIES' NOTES ON 5TH READER.-Liter-
ary Extracts selected from Book V of the author-
ized series of Readers, for "Examination in Eng-
lish Literature," of candidates for third class
certificates, with notes original and selected. By
H. W. Davies, D. D.. Principal Normal School,
Toronto. 5th edition 25

MILLER'S ANALYTICAL AND PRACTICAL
GRAMMAR 38
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PRICE.
ANALYSIS OF THE ENGLISH LAN-

GUAGE. By I. Plant i'leming, M. A., D C L. Part
I.—Grammar. Part II.—Etymol'if,'ical Derivations.
Part III.—Praxis. With corrections, additions and /

copious indices 1 00

" It is the best book I have ever used on the subject during
an exjierience as a teacher of two years in Canada and eight
in Englisli Grammar Schools."

—

Geo. Wallace, B.A., H. M,
U. S., Weston.

SPALDING'S HISTORY OF ENGLISH
LITERATURE—A History op English LiterAt
TUHii, with an outline of the origin and growth ot
the English language ; illustrated by estracts. For
schools, acadamies and Colleges. By \Vm. Spald-
ing, A. M., late Professor of Logic, Rhetoric and
Metai)hysics, in the University of St. Andrew's.
With appendix by W. Houston, M.A., Examiner in
English in the University of Toronto. New re-
vised edition 90

MACALLUM'S NOTES ON 4TH READER.
—Literary Extracts to aid jiupils in prei)aring for
" Examinations in English Literature" for admis-
sion to High Schools. By A. Macalluin, M.A., LL.B.,
Inspector of Public Schools, Hamilton. It com-
j)rises biographical sketches of the .authors frona
•whiim the selections have been made, notes, gram-
matical, critical, &c. 5th edition 25

MILTON'S PARADISE LOST.-BOOKS I & XL
with notes on. the analysis, and the scriptural and
classical allusions, a glossary of difficult words, and
a Life of iMilton. By C. P. Mason, B. A., P. C. P.,

fellow of University CoUege, London 35

" Milton's Paradise Lost, with notes by Masou, possesses
such a number of excellencies that it deserves to come into
general use among students preparing for the intermediate
examinations"

—

J. Millar, M.A., Head Master High School,
St. Thomas.

GOLDSMITH'S TRAVELLER AND GRAY'S
ELEGY.—With introduction, life of Goldsmith,
argument, and notes; by C. Sankey, M..4., Assis-
tant Muster at Marlborough; and wi^h Johnson's
life and notes by Francis Storr, M.A., Chief Master
of Modern Subjects at Merchant Taylors' t^chool.
Interleaved edition. Price 40

GOLDSMITH'S TRAVELLER.-With h.ti-oduc-
tiou, life of the author, argument, find notes

;

by C. Sankey, M.A., Assistant Jlaster at Marl-
borough College. Interleaved edition 30
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PBICB.
GOLDSMITH'S TRAVELLER, AND GRAY'S

ELKGY.—la one volume; edited by the Rev.
E. T. Stj3vens, M. A., Oxon, joint editor of "The
Grade J-.esson-books." " The Usetul Knowledge
Series, etc. ; and the Eev. D. Morris, B.A., Loudou,
author of "The Cla?s-Book History of England,"
etc. Interleaved edition fi

SCOTT'S LADY OP THE LAKE.-With in-
troduction, i.otes, and glossarial index; by B. W.
Taylor, M.A.,AssistantMaster atEugby School, and.
formerly Fellow of at. John's College, Cambridge.
Interleaved edition 4(J

MORRISONS ENGLISH COMPOSITION.—
Eor the use of schools. By Thomas Morrison, il.A.,
Kector of the Free Church Normal School, Glasgow 45

CREIGHTON'S EPOCHS OP ENGLISH
H1ST< )KY.—Edited by the Ksv. M Creishton. MA..
late Fellow and Tutor of Merton College, Oxford.
Eight volumes in convenient and cheap form, ad-
apted to Public and High Schools Price 20c each,

THE SEKIES CONSIST OF:
I. Early England up to the Norman Conquest. By

Frederick Tcrk-Powell, M.A. With four maj)S.
U. England a Continental Power from the Conouest to

Magna Charta, 1066-1216. By Louise Creighton.
With a coloiu'edmepolthe Dominion of the Angevin
Kings.

m. The Kise of the People, and Growth of Parliament,
from the Great Charter to the Accession of Henry
VII, 1215 1485. Bv James Eowlev, M.A., Professor of
Mod. Hist, and Lit., Univ. Coll. Bristol. With four
maps.

IV. The Tudors and the RefoiTnation, 1485-1603. By the
Picv. Mandell Cveitttiton, M.A., late Fellow and Tutor
of Merton College, Oxford, Editor of the series.
With three maps.

V. Struggle against Absolute Monarchy, from 160" to ICfiS.

By Bertha M. Cordery.
VI. The Seltli'uient of the Constitution from 16S0-1788. By-

James Rowley, M..A., Professor of Modern History
and Literature, University College, Bristol.

VII. En.i,'land during the .A.mcrican and European Wars,
from 17H9-18-20. IJy O. W. Tancock, M.A.. Assistant
Muster King's School. Sherborne. Dorset.

VIII. Modern England, from 18J0-1875. By Oscar Browning,
M.A., Fellow of King's College, Cambridge.

" .\raongst manuals in English History the Epoch Series ia
Bure to take high rank."

—

Daily Olobe.



W. J GAGE «fe Go's Educational Series.

PEICE.
EPOCH SERIES—PAllT I. Containing first four

of Series i'O 50

EPOCH SERIES.—PART II. Containing last four
olthe Series 30

EPOCH SERIES.—COMPLETE, in one volume... i qO

CllEIGHTON'S EPOCH PRIMER OF ENG-
LISH HISTOEY.—An introductory volume to
"Epochs of English History." A complete sum-
mary of the history of Eu.gland, in 140 pages.
By Mandell Creighton. M. A„ late Fellow and
Tutor of Merton Ccllege, Oxford 30

" The work is admirably done, and it wiU no doubt obtain
a very considerable sale."

—

Athenceum.
" This volume, taken with the eight small volumes, con-

taining the accounts of the different epochs, presents what
may be regarded as the most thorough course of elementary
English History ever published.

—

.-i berdeen Joicrnal.

PINNOCK'S CATECHISM OP ENGLISIT
HISTORY 10

A SCHOOL MANUAL OF ENGLISH COM-
POSITION.For advanced classes in Academies,
High and Public Schools. .By William SwiDton 45

REID'S ENGLISH DICTIONARY of the Eng-
lish language, containing the Pronouuciatiou, Ety-
mology, and Explanation of all words authorized by
eminent writers ; to which are added a vocabulary
of the roots of English words and an accentedlist »f
Greek, Latin and Scripture proper names. By
Alexander Reid, A.M., Rector of the Circus-place
School, Edinburgh ; author of "Rudiments of Eng-
lish Com-jjositioD," &c, ; with an introduction by
Henry Reid, Professor of English Literature in the
University of Pennsylvania; and an appendex
showing the pronounciation of nearly 3,000 of the
most important geographical names. 3rd Canadian
and 23rd EngUsh edition 1 CO

"It is a very complete and useful work."—MonJreal Daily
Witness.

UNIVERSAL PRONOUNCING POCKET
DICTIONARY OF THE ENGLISH LANGUAGE.
—Founded on the principles of Walker, Webster,
Worcester, Johnston, Goodrieli and Porter 20

NATIONAL PRONOUNCING DICTIONARY 40



"W. J. GAGE & Go's Educational Series.

, PBICB.

CARPENTER'S SPELLING BOOK ' 10

IiffAVORS SPELLING BOOK 10

GRAMMAR OP THE LATIN LANGUAGE,
for middle and higher class schools. Ly Leonard
Schmitz, liL.D., classical examiner in the Univer-
sity of London, &c. Canadian copyright edition.. 75

HEALTH IN THE HOUSE- Twenty-five lec-

tures on Elementary Physifilof-'y in its application
to the daily wants of man and animals, delivered
to the wives and children of working-men in Leeds
and SaUaire. By Catherine M. Bucton, Member of
the Leeds School Beard 60

N.B.— Six editions of the above -were sold in England within
six months. ,

CUTTER'S 1ST BOOK OF PHYSIOLOGY 75

ROSCOE'S CHEMISTRY PRIMER 30

TEACHER'S MANUAL FOR FREEHAND
DUAWINCt in Primary Schools. By Prof. Walter
Smith, State Director of Art Education for Massa-
chusetts 1 00

TEACHER'S MANUAL FOR FREEHAND
DKAWING in Intermediate and Advanced Classes.
By Professor Walter Smith, State Director of Art
Education, Massachusetts 1 25

WALTER SMITH'S PRIMARY DRAWING
CARDS, Series Ko. 1 15

WALTER SMITH'S PRIMARY DRAWING
CAKDS, Series No. 2 15

WALTER SMITH'S DRAWING BOOK (Inter-
mediate Course) Xo. I 6 15

WALTER SMITH'S DRAWING BOOK (Inter-
mediate Course) No. 2 15

WALTER SMITH'S DRAWING BOOK (Inter-
mediate Course) No. 3 15

"Prof. Smith's system of drawing books and cards pub-
lished by you are admirably adapted for use in our schools.
I have had them in use for some time, and consifler them
superior to all others. I am glad you have published them,
and feci suie they will soon be as popular in Ontario as thev
are in the United States."—TTm. Wilkinson, M.A., Brantford
Central School.



W- J. GAGE & Go's Educational Series.

PBIOB.

MISCELLANEOUS.
CANADIAN NATIONAL SERIES READERS.

First Book, Part I 05
" II 10

Second Book 25
Third Book 40
Fourth Book 50
Fifth Book 60
Advanced Reader 60
The Spelling Book—a companion to the Reader 30

HOW TO READ ; a drill book for the cultivation
of the speaiving voice, and for correct 'and expres-
sive reading. Adapted for the use of schools and
for private instruction. By Richard Lewis, teacher
of Elocution, author of " The Dominion Elocution-
ist," &c 75

'' The gem of your series of Text Books."—C T. Andrews,
M.D., I.P.S. Queen's Coiinty, inhis report to Chief Supt. EdUr-
cation, Nova Scotia.

CANADIAN PROHIBITION RECITER; n col-
lection of new Dialogues, Readings and Recitations
jfor Temperance Organizations, Social Gatherings

••and Literary Entertainments Edited by James
Hughes, Esq., Inspector of Schools, Toronto, Out... 30

CANADIAN HUMOROUS RECITER; a col-
lection of the best American, Scotch and Irish
Dialogues, Readings and Recitations, for School
^Exhibitions, Social Gatherings and Literary En-
tertainments. Edited by James Hughes, Esq.,
Inspector of Schools, Toronto 30

THE CANADIAN SPEAKER AND ELOCU-
TIOiNARY READER; comprising a choice col-
lection of Speeches, Dialogues, and Poetry, suitable
Jor School Recitations, with introductory remarks
on the jirinciplps of Elocution. Edited by Rev,
E, H. Dewart, Editor Christian Guardian 40

BOOK-KEEPING BY SINGLE AND DOU-
BLE ENTRY, designed for use in High and Public
Sciioo?s. By S. G. Beatty, Principal Ontario Busi-
ness College, nntlior of the " Canadian Accountant,"
&c., and S. Clare, oook-keepingand Writing Master,
Normal School, Toronto 70

" I consider Beatty & Clare's Book-keeping the best ele-
mentary worl< on the subject I have ever seen."

—

J. W. Con-
ner, B.A , H. M. H. S. Berlin.

BLANKS FOR BEATTY & CLARE'S BOOK-
KEEPING.—tiay Book, Journal, and Ledger, in
separate books, Invoice Book, Sales Book, Cash
Book and Bill Book, bound together—complete set. 40



w. J GAGE & Go's Educational Series.

pRica.
THE BIBLE AND THE SUNDAY SCHOOL-

Containing "Bil)le Readipcs," addresses and out-
line lectures or. How to study the Bible and How -^

to conduct Sunday School work, from 29 of the
lendinaChristio.n workers of Canada and the United
States ; alPO Moody's Hints on Bible Headings, Mrs.
Menzie'R plan of Bible Marking, Bagster's Scripture
Index, Vincent's Clnssification of Bible Books,
Xiyman Abbott's "Bible Interpretation," Craft's
"Beading the Bible witli Relish," &c.,171 pp. Price
—in paper, 50 cents, in cloth 76

GAGE & CO.'S SERIES OP BLANKS.
" In point of practical utility unrivalled."— TF. S. Darraoh,

M. 4 ., Insj). P. S., Cumberland, Nova Scotia.

" Supply a want long felt by our best teachers."

—

Wm.Scott,
B.4., Head Master 1 rovincial Model i,clwol, Ontario.

" I am going to introduce them into my school."

—

Bev. B,
M. Mann, M. n ., Principal Berthier^High School, Quebec.

CANADIAN SERIES OP SPELLING
BLANKS.—In three numbers. No. 1.—Words.
?^o. 2 —Words and Definitions. No. 3.—Words,
Definitions and Sentences each... OT

COMPLETE COMPOSITION EXERCISE
BOOKS. -li' tiiree numbers, for junior and senior
classes. Nos. 1 and 2, 10 cents each. No. 3 15

EXERCISE BLANKS FOR GRAMMATICAL
ANALYSIS.—Comiilete i'l four numbers. By H.
W. J)iivis, D.D., Principal Normal School Toronto.
Nos. 1 and 2 adapted to jvinior and intermediate
classes ; 10 cents each. Nob 3 and i adapted to ad-
vanced classes; each 15

"Admirably suited to supply a long felt want, and will
save teachers a liirge amount of trouble with begitiners. I
have already ordered their introduction. Other teachers to
whom I have sliown them lire un'-tintcd in their praises."—
James Smith, M. ^ ., Head Master High School, Cornwall.

ELEMENTS OF STRUCTURAL BOTANY,
with speciiil rrferonce to the study of ('anadian
plants. liy .John Macoun, M.A., F.L/.S., Professor of
Botanv in Albert University; find H. B. Spott^'H,
M.\,, Head U ster of Barrie High School. Full
illustrations of the prirci])al Cmadian Tdants 1 Oft

In Press (Ready Jfisht Septenaber, 1670.)



"W. J. GAGE & Go's Educational Series.

BEATTY'S SYSTEM OF PRACTICAL PEN-
MANSHIP. 2'he new Canadian heries of Head-
line Co'jij Books, complete in 11 numbers, gi-aded
and (irrar.ijed ivith the definite ohiect of attractive-
ness and completeness of practice.
Book Xo. 1. Teaches the contr^ctei small letters,

conclufling with words formed from them by com-
bination. The letters are introduced synthetically
aud lire faintly printed on the surface of everj'page
to be traced with pen and ink by pupils in primaiy
divisions.
Book No. 2. Introduces the extended letters, and

the first class of capitals. It also reviews the small
letters given in Book 1, and as everj' alternate line
is printed in shadow for tracing, the pupil is gradu-
ally introduced to independent work
Book No. 3.- This book introduces a method of

securing uniform and correct spacing in each letter
and word, by means of ruling upon everj- page of
the book; also, a method of exhibiting the relative
proportion of the letters in every copy, aud impres-
sing the comparative length of letters upon the
minds of pupils, by means of a self-instructing en-
graved scale.
Book No. 4. Teaches Current Capitals construc-

tively a!;d affords Practice ujion Words. Tije in-
troduction and classification of Currej't Capitals
forms a prominent feature of the practical charac-
ter of these Copy Books.
Books 5 and 6, for advanced pupils, embrace the

whole subject within a small space.
Book No. 7 consists of short Sentences in a re-

duced hand suitable f r Ladies' Hand. It is clear,
open and attractive.
Book No. 8—Forms for boys—Notes, Drafts, Ke-

ceipts, etc., iu a plain business hand, giving a
variety of current capitals.
Book No. 9—Fiuishing book for ghls—Notes of In-

Titation, Answers, Forms, etc, in a neat, ladies' hand.
Books 10 and 11- Angular hand for girls.

Price, each 10
From the leading authority on Penma^iship in the U. S.

. "The author.has very wisely adopted and com-
bined with his own ideas, all the good features in the best
American Cop3'-Books. The result is that the series now
before us contains a combination of the best points in the
most popular of our series, and is better adapted to all

grades of pupils than any of its predecessors. The books
are so graded and arranged, and the instructions on the
cover so clear and full, that more real practical penman-
Bhip may be learned from them in three months than from
the ordinary copy-books in a whole yeax'"—Penman's Art
Journal, New York.
OHROMO COPY BOOK 10



OKlxMU>S (/F tiEADING EDUCATIONISTS:
I cordially recommend the Canada School Joia~nal to the

teachers of New Brunswick. THEODORE H. BAND, M.A.,
D.C.L, Chief Supt. Education, Fredericton, N.B.
Very valuable and i istructive. I read it with much inter-

est. Hon. J. W. SIMONDS, State Supt. Pub. Inst. N H.
Your Journal I consider invaluable, and can no more dis-

pense with it than I can with our Cal. School and Home
Journal. Prof. WM. W. ANDERSON, Prin. Public Schools
Santa Cruz, June 11, 1878.

It is the leading Journal of Education in the Dominion;
full of articles on practical teaching, suggestions and useful
hints from successful teachers everywhere. No Trustee,
Corporation, or School Teacher should be without it. H. L.
SLACK, M.A , I.P.S , Co. Lanark.
I think the Journal is just what teachers require—a live

practical paper, deserving awide circulation. G. D. PLATT,
I.P.S., Picton, Ont.
I can confidently recommend your Journal as a very in-

teresting and a very vseful one JAMES SMITH, Inspector
Schools, Gloucester Co , New Brunswick.
Every teacher should become a subscriber to it I believe

it will supiJly a long-felt want. C S. RAMSAY, Inspector
North Co., N.B.
At a meetiiig of the ;Protestant Section of the Board of

Education held on Monday last, a resolution was adopted
advising our teachers to become subscribers for some jour-
nal op Education, and recommended to them the Canad
School .^ournal. CYPRIAN PINKHAM, Supt. Education fo"
Protestant Schools, Manitoba.

To Teachers, Colleges, BoolisellersandPtihlishers the Canada
School JoubnaIi is the hest advertising mediuin in < anada.

TO ADVERTISERS !

The excellence of the Canada School Journal as an adver-
tising medium is admirably shewn by the following interest-
inglatter, kindly offered us by Mr. Vannevar

:

Comanche, Calveros Co.

,

Mr. James Vannevar, California, May 21st, 1879.
Youge Street, Toronto, Canada.

I>ear Sir,—I received the books ordered and am much
pleased with them. In reply to inquiry liow I came to order
from you, will state that I am a Canadian, have lived in
Toronto while attending Trinity College, and have bought
books atyourfitore. I am now teaching, and take the Canada,
School Journal, in which I saw your atlvertisement. My
small order, you will thus sec, was but the result of adver-
tising in a good paper. Many in this State read the Journal.
*

. * * * T. Uebbkbt Gibson.

Address-MESSRs! W. J. GAGE & CO.f
PuBMSHERS Can. School Journal, lOliO'HTO, Ont



THE CAMDA SCHOOLJOURML
—HA9 EECEIVED—

An Honorable Mention at Fans Exhibition, 1878.

Recommende'l by the Minister of Echwafionfor Ontario.
Recommended bij the Council of Public Instructior, Quebec.
Recommended by Chief Snpt. of Education Nexo jiruvswick.
Recommended by Chief Snpt. of Education, Nova Scotia.
Recommendedby Chief Supt. of Education, Brit. CoUunbia^
Recommeiuled by Chief Supt. of Education, Manitoba.

THE CANADA SCHOOL JOURNAL
IS EDITED BY

A Committee-ofsome of the Leading Educationists in Ontario.

Assisted by able P/ovincial Editors in the Provinces of Que-

bec, Nova Scotia, New Brunswick, Prince Edward Island

Manitoba, and British Columbia, thus having each section of

tlie Dominionfully represented.

Contains Twenty-four Pages of Reading Matter.

Each number has a Portrait and Biographical Sketch of
some Leading Educationist; live Kditorialo ; Contri-
butions on important Educational topics; !?elections-
lieadings for the School Room ; and Notes and News from
each Province.
PBACTICAL DEPARTMENT will always contain useful

hintj on methods of teaching different subjects.
MATHEUATIGAL DEPARTMENT cives solutions to dif-

ficult problems nlso on Exaniiuatiou Papers.
OFFICLUj DEPARTMENT contains Buch regulations as

may be issued from time to time.

Subscription, $1.00 per annum, strictly in advance.

A Olub of 1.000 Subscribers from Nova Scotia.

EDUCATION OFFICE,
(Copy) Halifax, N.S., Nov. 16, 1878.

Messrs. ADAM MILLER ^ CO., Toronto, Out.

Dfiar Sirs,— In order t > meet the wishes of our teach-
ers in various parts of the Province, and to secure for thera
the advantage of your exfellent periodical, I hereby sub-
scribe in t'leir behalf for one thousand (1,000) copies at club
rates mentioned in viur recent fsteenifd favor. Subscrip-
tions will begin with January issue, and lists will be for-

"Wardedto your office in a few "days. Yours truly,

DAVID ALLISON, Chief Supt. of Eduation.





W. J. Gage & Go's Manuals for Teachers.

No. 1,

IMCisrakes in Teaching.
By J. LAUGHLIN HUGHES, Supt. of Public SchoolsAToronto.

Toned papur, cloth extra, Price 50c.

This work discusses, in a terse manner, over one hundred of the
mistakes coinmonly made by untrained or inexperienced Teachers. It
is designed to war., young Teachers of the errors they are liable to
make, and help th-' oljer members of the profession to discard what-
ever meth<xis or habits may be preventing their highest success.
The mistakes arc arranged under the foUlowing heads:—

1. MISTAKES IN MANAGEMENT.
2. MISTAKES IN DISCIPLINE.
3. MISTAKES TN r^IETHODS.
4. MISTAKES IN MANNEii.

"We udvise every teacher to invest fifty cents in the purchase of this
usefal volume. "—A'eio England Journal of Education.

No. 2.

M!anual of Pennianslxip.
A Handbook intended to accompany Beatty^a system of Penmanship,

containing a full exposition of the system.

8. G. BEAITY, late Principal of Ontario Business College, and author of
' Beatty's Practical Penmanship."

A. F. MACDONALD, Principal of Wellesley School, Toronto. ..

CONTENTS.
O.RGAXIZING CLASSES. '

DISTP.IBUTION AND COLLECTION OF WRITING MATERIALS.
POSITION, PENHOLDING, P^STS AND MOVEMENTS.
MOVEMENT EXERCISES.
COUNTING IN CONCERT.
SPACING, SLOPE, SHADE, &c.
FORMATION, ANALYSIS, CRITICISM OF SMALL AND CAPITAL

LETTERS.
HINTS TO TEACHERS.

Illustrated. Price 50c.

No. 3,

Ho-v*^ to SecTire and X?etairi A-ttention.
By J. LAUGHI.IN HUGHES, Supt. of Public Schools, Toronto.

Printed on Toned Paper, Cloth extra, Price 50c.

" Admirably executed."

—

Educational Times, London, Eng.
'* Cannot too highly commend it."—Barnes' Educational Monthly.

^
No. 4.

Mianual of Drill and Oalistlxenios. "O
FOR USE IN SCHOOLS.

By J. L. HUGHES, Public School Insp.,Tor., Graduate of
Military School, H.M. 2irth Regiment.

Price 40c.

"A much needed manual."

—

Toronto Globe.
"A most valuable book for every Teacher, particularly in country

places It embraces all that a School Teacher should teach his pupils
on this subject. Any Teaciier can use the easy drill lessens, and by
doing so he will be conferrins a benefit on his country."—C. RAD-
CLIFFE DEARNLEY, Major First Life Guards, Drill Instructor Normal
and Model Schools, Toronto.

W. J. GAGE dt CO., Educational Publishers, Toronto.



New Work, Authorized by the Education Depart-

ment in Ontario for use of Teachers.

Elemeniary Anatomy', IPliysiolog-y
and Hygfiene,
For Schools and Families.

By EDWARD PLATTER, M.D., Editor of the Sanitary Journal.

Price 90c.

Not too large and technical, nor too elementary and incomplete.
Comprehensive—compfising ail parts of the subjects treated of.

Concise, yet highly interesting.
Well and practically illustrated; and with copious questions and a

full index.
"As a text-book for schools, we have no hesitation In recommending

it in preference to any or' the text-books on this subject now in use."

—

Canada Lancet.
"A very judicious selection has been made of what is likely to be

useful to, «nd absorbed by, the non-professional reader."—Canadian
Journal of Medical Science.
"An admirable little book. Specially adapted to High Schools and

intelligent laymen.''

—

Michigan Medical News, Detroit.
"The simple and familiar language used throughout will enable

almost any reader to master the contents while the orderly division
and arrangement, and the accurate definitions, wiU recommend the
volume to practical educationists, and secure for it a permanent posi-
tion as a cla=s-book."

—

Canada Presbyterian.
"The arrangement of the work under notice strikes one as being

good and convenient, and the construction is such tbat- the reader will
have little dilHcultj- in comprehending the meaning of the author
The second division. Hygiene, is aptly treated of under the li'^ads of the
various essentials of life, air. water, food, exercise, rest, sleep, cloth-
ing, bathin?, and it is shown how most causes of disease are clearly
connected in some wf.y with these essentials of life in their various re-
lations to the functions of the human body."

—

Daily Mail.
"The author has very properly adapted this work for the use of

schools A series of questions has been ajjpeuded which will

aid the teacher in ascertaining the amount of information acquired by
his Bchol&rs."—Daily Globe.

New Work on Botany.

Tlie Elements of Stviictni'al Botaiiy,
Intended for the use of Schools, with special rpf^^rence to the study of

Canadian plants. To which i* r.dded a

SELECTION OF EXAMINATION PAPERS,

By .JOHN MACOUN, M. A., F.L.S , Professor of Botany in Albert
UniVLx-sity; and H. B SPG i TON, MA , F.L S., Head Master

of Barrie Coll. Institute

IL1,UST««TKD BY THE AUTHORS,

180 Pages, Toned Paper, $1.00.

•• In Canada and United States It ought to have a great nm."—School
Ouardian, Eng.
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